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Foreword

This Decisions for Delaware, like past reports in the series. provides
legislators and the people they represent with factual information, rea-
sonable interpretations, implications, and alternatives on marine-related
topics that have been identificd by the Sea Grant Advisory Council as
high-priority issues facing the state and the region. Before publication,
cach report is reviewed extensively to ensure not only that it contains
dceurate information, but wlso that it treats these important issues fairly
and understandably.

This situation report addresses the need for a comprehensive strategy
to ensure the wise use, development, and conservation of the state’s
Inland Bays. There are many interrelated and conflicting social, economic,
and natural resource concerns contributing to the complexity of this
issue. This report, though it acknowledges the existence and pervasive-
ness of the social and economic factors, concentrates on these more
fundamental natural resource questions:

= bacterial contamination of shellfish beds
« eutrophication

« dredging effects

s saltwater intrusion

« nitrate contamination

For each of these environmental concerns, the authors discuss the
impact on the natural system, the actions taken to date to ameliorate
the problem, and the recommendations for future strategics to assist in
problem solving,

The Decisions for Delaware series is but one facet of the University
of Defaware Sea Grant College Program. Managed by the College of
Marine Studies, Sea Grant comprises a broad spectrum of application-
oriented research, manpower education and training, and advisory scr-
vice activities designed to stimulate practical marine resource develop-
ment and use. The University of Delaware Sea Grant College Program is
a functioning university-government-private sector partnership, coalesc-
ing the necessary intellectual and financial resources to provide an ef-
fective, efficient, coordinated, and objective approach to both contem-
porary and future coastal! and marine issues.

William S. Gaither, Dean
College of Marine Studies, University of Delaware

Carolyn A Thoroughgood, Executive Director
University of Delaware Sea Grant College Program
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Overview

In the Inland Bays, an increasing pupu-
lation and unplanned growth are contrib-
uting 1o the degradation of the physical
environmen!. As the demand for drinking
water and sewage disposal sites increases
and exceeds the carrying capacity® of the
area, an environmental crisis may result.
{1 is these issues with which this Decisions
Jor Deiaware deals. However, none of the
five issues detailed in this reporl is new.
For some time, they have been identified
as problems that require solutions. This is
shown by the previous reparts and docu-
ments, and the expertise drawn upon to
illustrate particular points in this report.
This Decisions for Delaware is possible
because of the efforts of individuals and
agencies that have documented and identi-
fied issues affecting the Inland Bays,

The goal of this report is to focus at-
tention on several of these issues in a way
that assists the public in understanding the
complexity of the problems. An examina-
tion of the environmentai problems in
their physical and biological context is
necessary, but not sufficient. There is also
a need to understand the economic and
social impacts before developing an ade-
quate strategy to manage the Inland Bays.
Considerable weork aimed at documenting
some of the economic and social impacts
facing the Inland Bays has been under-
taken by the Inland Bays Study Group,
made up of Department of Natural Re-
- sources  and  Emvironmental Control

(DNREC) ageacies and the public. Estab.
tished in July 1981, its charge is to dis-
_cuse and ultimately solve the environmen.
tal problems that the Inland Bays area is
experiencing. To date this group has
comnissioned the Greeley Technical
Uroup 1o conduct an economic analysis
to estimate the costs of providing environ
. mentally acceptable and ecoaomically fea-
- sible sewer and water services in selected
i <areas of the Infand Bays region (Greetey
Yechnical Gmnp, 1982; Inland Bays

This Decisions for Delaware has not
required compilation of new data or field
studies. Instead, effors were directed at
decumenting selected issues as clearly as
possible. This report is designed tv help
the interested rcader understand the
natural systems of which the intand Bays
arc a part. Such an effort is but the hegin.
ning toward fostering solutions 1o the
problems affecting the I[nland Bays. A
key factor in the eventual development of
any comprehensive resource management
strategy for the Inland Bays will depend
on broad-based public support  and
knowledge of the issues.

Present Situation

Currently there is growing concern
about how the Inland Bays and their re-
sources are being used. In the past few
years, the area has become increasingly
altractive to developers and recreationists.
For example, in 1938, less than 1% of
Rehoboth Bay shoreline and less than
10% of Indian River Bay shoreline were
developed. By 1969, Z5% of Rehoboth
Bay and 44% of Indian River Bay shore-
lines were developed. Between 1960 and
[970, Sussex County had a net population
increase of 9.8%, most of this accurring
in the coastal areas (Delaware Office of
Management, Budget and Planning, 1978.)
From 1970 to 1980, the net population
increased by over 40%. This rapid growth
isexpected to continue. By the year 2000,
the year-round population is projected to
increase by 30%; the seasonal population
by 42%; and the occasional visitor popula-
tion by 399 (Greeley Technical Group,
1982). This population increase will
create greater demands on the potable
water supply and wastewater disposal
facilities, and generate increased traffic
congestion.

Concern has been expressed over the
perceived deterioration of environmental

quality oceurring in the [nland Bays sys-
tems. Since Y62, there has heen a steady
increase in shelfish bed closures due to
bacterial contamination. Activities con-
tinue (0 contribute to eutrophication of
bay waters. Requests for new dredging
projects continue to be processed indi-
vidually without commprehensive examina-
tion of the long-term costs and benefits
of such projects. The incidence of salt-
water intrusion in the drinking water
supply of residential areas surrounding
the bays continues to be a problem as
documented by the Delaware Geotogical
Survey in 1972 and the University of
Delaware Water Resources Center in 1977,
[n addition, work by Daiber (1969),
Robertson (1977), and Ritter and Chirn-
side (1982) has shown an increasc in
incidences of nitrate contaminzlion of
the groundwater in the Enland Bays area.
These issues are discussed in the next
chapter.

To date, development of the Inland
Bays area has been charactenzed by incre-
mental decision-making guided by a pro-
ject-by-project approval process. There is
no overall plan or courdinated steategy to
ensure the wisc use, development, and
management of the Inland Bays area. Qtten
project permit decisions are influenced by
short-term economic considerations and
political pressures that are incoasistent
with sound environmental planning and
management principles.

Recommended
Action

I part, the issucs discuseed in this
report persist because there is no agreed
upon strategy for the management and
development of the bays that would en-
sure present and future benefits to the
citizens of Delaware. Educating the public’
of the complexity of the issues and nature
of the problems faced in the Inland Bays

* Terms in bold face are defined in the ghomary.



arva iy but a start. Resolution of these tive
problems wili regquite the implementation
ol o plan with enforcement mechanisms.
To reach this goal, two simuitaneous ap-
proaches are recommended.

1. The DNREC should be required to
comment and provide testimony at all
Sussex County planning and zoning
hearings {sex 9 Delaware Code Chapters
a8 and 89) on projects that involve
development on aj parcels in excess of
Itve acres: and on b parcels of five acres
vt less that involve sctivities having a
significant  environmental  impact.
(Significant environmentsl impact is
any change in the environment caused
by a human activity or factor. Such
activities can include, but are not
limited to, dredging, Mling, or con-
struction of industrial, cormmercial, or
high-density residential development
requiring special waste Lreatment facili-
ties.) This testimony should represent
the department’s position with respecl
to any such projects and become part
of the public record.

2. The Govemor by executive order should
mandate the cstablishment of a bipar-
tisan task force.** This task force
would be charged with the responsibili-
ty to recommend the goals, objectives,
implementation mechanisms, and en-
furcement strategy for a comprehensive
management and development plan for
the Inland Bays arca. The product of
this group’s efforts wouid be an gvalua-
tion of the adequacy of existing laws,
regulations, and enforcement mecha-
nisms, and a proposal for changes in
existing legislation and Yor recommend-
ed new legislation. Additionally, rec-
ommendations should be required that
detail how the [nland Bays area should
be managed to assure its continued
health for the enjoyment and use by
future generations. The rationale for

.

[ . Y . - o bl

Development around the Infand Bays has occurred without the guidance of an accepted
management and developiment plan for the bays.

this approach and 1he proposed task
force process is outkined in the next
chapter of this report.

** The precedent for the establishment of such a

task torce to investigate and formulate recom-
mendations an natural resource issues is within
the purview of the executive branch of govern-
ment in Delaware, In 1972, the Peterson ad-
ministration commissioned a task force on
marine and coastal affairs to detail information
on the status, rends, and problemns relating to
the resources of the coastal zone. Again, in
1973, a Governor's Wetlands Action Com-
mitiec was established to conduct a thorough
studv of Delaware's coastal wetlands and sup-
gest recommendations for an action progiam
to preserve these lands. During the Tribbitt
admnistration the Delaware Tomorrow Com-
mission was established to comprehensively
eXaminc issucs, including natural resowree wpe,
telated to planning for statewide growth. itle
in this tradition that the establithmeat of sa.
Tnland Bays task force is recommended "




Identified Problems

Introduction

As defined in this document, the Inland
Bays of Sussex County, Delaware, include
Indian River and Rehoboth Bays (Figure
1). Rehoboth Bay is four miles north to
south and three miles east to west. Its
surface area is approximately 14,5 square
miles. This shallow bay has a maximum
depth of seven feet (mean low water) and
is bordered mostly by tidal marsh. [tsmain
tributaries are Herring and Love Creeks,
the Ditches, the Lewes-Rehoboth Canal,
and Balders Pond. The Ditches connect
Rehoboth Bay to Indian River Bay.

Indian River Bay is approximately two
miles north to south and six miles east to
west, lts surface area is approximately
14.8 square miles. This bay is also shallow
with an average depth of four feet (inean
low water). Indian River Bay is bordered
by low bluffs and tidal marshes. Indian
River s its main tributary, 2long with
Pepper and White Creeks.

The total drainage ares of both bays is
255 square miles. Rehoboth and Indian
River Bays are separated from the Atlantic
Ocean to the east by a long, narrow bay-
mouth barrier.

Because estuaries are semi-enclosed
constal bodies of water with a free con-
nection 1o the open sea, saltwater mixes
with freshwater from rivers and land
drainage, varying the sabinity of the water
within the system. Delaware's Inland Bays
are estuaries and are inhabited by plants
and animals (biota) which typify sstuaries
of the Mid-Atlantic region. Just as the sa-
tinity varies in estuaries, so do the biota:
some species thrive in the salty, zeaward
aeds of s esluary wiude others prefer
low-sslinity: areas rear tributary streams

- ninns live in every part of the
SE e
anitils aad plants K in the water itself,
whille: the botiom: sdisseats of the bays
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Figure 1. Inland Bays study area, as defined in this report.

are inhabited by shellfish and some grasses.
Crabs and some fish live primarily on the
buttom at the sediment-water interface.
As the bays exchange water with the
associated rivers and ocean, numerous
species can enter the bays from either of
these sousces even if only for a temporary
visit. The bays are bordered by salt marshes
(also called tidal wetlands), farmland, and
housing developments.

The Infand Bays are a complex of dy-
fiamic, interrelated systems of which peo-
ple are an integral part. The bay biota are
intedinked in food chains in which larger
organisms ingest the smaller plants and
animals and the decaying matter. Com-
mercially important spocies (for example,
crabs and shellfish) feed, and hence de-
pend, on lesser known or smatler species
in the bays. Animals and plants affect, and
are affected by, the chemistry of their

habitat. Not only do they need the right
nutrients to survive, grow, and reproduce,
but also their waste products and their
bodies after they die serve to produce
new nutrients for other organisms.

Chemicals deposited in the estuary by
human activity can  affect survival,
growth, and reproduction in some cases.
Water circulation patterns can affect dis-
tribution of dissolved oxygen, nutrients,
and the organisms thernselves. When cir-
culation changes, so do other parts of the
system. Because the parts of the estuaring
Syslei aie wdciounieoted, nio one part of
the system can change without affecting
the other parts, even if the effect is remote
and not obvious. Therefore, any sound
approach to management of the bays
must consider the entire ecosystem and
must consider people as a part of that
ecosystem,



Five problems appear to pervade the
Inland Bays: bacterial contamination of
shellfish beds, bay eutrophication, adverse
effects of dredging on the natural system,
saltwater intrusion into the drinking water
aguifer, and nitrate contamination of the
groundwater.

In order for the reader to appreciate
the nature of bay water and groundwater
guality problems. this chapter will discuss
the natural systems, explain the impuor-
tance of each problem, describe what
actions have been taken thus far to deal
with the problem, and propose alternative
strategies 1o deal effectively with the
problem.

Bacterial Contamination
of Shellfish Beds

The Natural System

Delaware’s [nlund Bays are home to a
large number of plants and animals, all of
which play important roles in the two
main food chains of the bays—the grazing
food chain and the detritus food chain.
These chains differ from one another in
the source of food al each base: at the
bottom of the prazing food chain are all
living plants, while at the base of the
detritus chain is nonliving plant and
animal matter. Figure 2 shows the many
connections between the two chains - the
distinction between them is not always
ciear.

The Inland Bays contain microscopic
plants (phytoplankton) and animals (zoo-
plankton) (Figure 3). There are 92 species
of phytoplankton in the bays, and two
groups predominate: the diatoms in
winter and spring and the dinoflagellates
in summer and fall. Phytoplankton are a
vilal part of the life of the bays, pro-
ducing oxygen through photosynthesis
and providing food for zooplankton and
filter-feeders (animals, like oysters, that
filter water through their gills to trap
food).

The zooplankton species are also
numerous and, depending on the season,
any number of species will predominate—
mysid shrimp and polychaete worm
larvae are abundant in December, arrow-
worms in Aprl. and small shrimp and
copepod crustaceans in July. Zooplankten
feed on either phytoplankton or other
zooplankton and, in turn, serve as food
for many species of fish. They also play
an important role in use and reuse of
nutrients {principally, forms of nitrogen
and phosphorus) in the water column.

Macroalgae of the bays include large,
easily visible plants. Macroalgae usually
cluster in aggregations unattached to the
bottom. Fifty species of macroalgae have
been described. but three dominate: two
species of red algae and one species of
green algae. In Rehohoth Bay, the highest
biomass {weight of liing matter) of
macroalgae is found at the mouth of the
Lewes-Rehobott Canal.

Factors that affect the distributian of
macroalpae throughout the bays are nutri-
ent load, type of substrate, grazing pres-
sure, and competition from other macro-

algae. Macroalgae are a source of orgunic
matter for bottom-feeding fish and bot-
tom-dwelling invertebrates, and are zn
important source of oxygen for the bay
waters.

At least 60 species of fish occur in the
bays, though the actual number varies as
fish migrate in and out of the estuary
seasonally. Considering the commercial
and recreational value of the fish, sur-
prisingly few comprehensive studies have
been completed. Studies of White Creek
conductedin 1957-58 (Pacheco and Grant,
1965) and in 1973-74 (Campbell, 1975}

Figure 2. Grazing and detritus food chains, showing how they are interconnected.

PLANKTON COMMUNITY

zooplenkton

Figure 3. Some zooplenkion species found
Bay: Introduction to the Ecosystem, USEPA, 1982}




The salt marshes of indian River and Rehoboth Ravs are fvpical examples
of Delaware’s vulnerable wetlands,
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Figure 4. Crosssection of the bay and salt marsh, showing intense feed-
ing by birds and fish, and exchange of nutrients, sediments, and detritus
" with survounding estugrine environments {adapted from Chesapeake Bay:

. Introduction to the Ecosystem, USEPA, 1982),

showed linle change in 1he numbers of
species caught in White Creck over this
tine  period, The dwninant  species
(ranked most (o lesst dominant) were
Atlantic  silverside.  commuon  mummi-
chog. spot, bay anchovy, striped mummi-
chog. menhaden, sheepshead minnow,
waxen sifverside, and muller.* In another
study . where dredged lagouns were com-
pared to natural sress. the 1wo dominant
species were the commuon mummichog
and  Atlantic silverside (Dather, 1972}
However, the dredeed arcas lad decreased
numbers of mummichaogs, presumably be-
ciuse cvent these fislt cannot tolerate low
dissolved oxyeen Jevels measured there.
Although salowater fish 1hiat need low-
salinity water or {reshwaler tu spawn are
found in the Inland Bays, they do not
spawn there. This is probably because the
bays are tou shallow and freskwater input
is low,

The tdal salt marshes of Indian River
and Rehoboth Bays are typical of ali the
wellands in ihis arex (Figure 4). In the
lowest intertidal zone. cordgrass in the
tall {orm is present, The upper marsh
consists of short cordgrass, saltmarsh hay,
and spike grass. The shrub zone, found at
yet higher clevation, consists of marsh
elder and sea myrtle. Farther landward is
the forest over which the marsh en-
croaches as the sea level rises.

The salt marshes of the Inland Bays
are 2 natural wildlife hahitar for many
species of waterfowl and diving birds, in-
cluding ducks, prebes. ospreys, hawks,
and gulls. The marshes are a frequent rest-
ing place for migratory birds, which aften
feed on the small fish in the water or on
the crabs, clams, and worms found in the
nearby muds, Marshes are inhahited by
manimals such as muskrats and several
species of small rodents. Salt marshes are
considered to be shoreline huffers that
reduce the impact of storm tides and
waves, areas that absorb foodwatcrs,
sources of nutrients for the bay and
coastal ecosystems, and natural filters for
absorption of pollutants,

Although catching blue crabsisa popu-
lar pastime in the Inland Bays region, very
Litlle is knnown about the crab population.
The population of blue crabs in the bays
undergoes considerable change in abun-
dance from year to year and averall the

* A 1969 study (Derickson and Prige, 1973) of
fish in White Creek, in which it was found that
the number of fisk species had decreased since
the 1957-58 study, is not directly comparable
to the 1957-58 and 1973-74 studies because
sampling times differed.



puputativn is active and reproducing.
Fewer hlue crahs have been found in
dredped arcas than in tidal crecks and
open bay waters. In the winter, the popu-
lation ut biue cribs in Island Creek, the
site of the Indian River Power Plant
thermal e¢ffluent  discharge. increases
relative 10 the number of crabs in the
entire study area. Not cnough is known
o determine ctfects of thermal eftluent
un the reproductive cyele of the blue
crah. Although blue crabs mate in low-
sulinity water, they spawn in high-salinity
water. Lvidenve supgests that blue crabs
that have mated in heated water may
spawn their planktonic lurvae earlier in the
sping thart other blue erab populations in
the Delaware Bay estuary {Epifanio, 1983).
Whether the heated waters affect the blue
crab tishery is nat known.

Several commercially important shell-
fish species in the Inland Bays are hard
chams, oysters, razor clams, soft clams,
and scallops. In the 1930s the oyster
populations in bays of the Mid-Atantic
region were devastaled by the pretozoan
parasite, Minchiniz nelsoni, known as
MSX. No eslimates of oysters in the
Inland Bays have been made since. Only
thie hard clams have been studied compre-
hensively. In 1968, Indian River Bay con-
tained 116,894 bushels of hard clams per
5,170 acres. while Rehoboth Bay con-
tained 103 827 bushels per 4,599 acres.
Taken together, this is equivalent to 22.6
bushels per acre (Humphiries and Daiber,
1968). This same density was found in
areas approved for clamming. [n 1980,
mure of Indian River Bay was closed to
shellfishing, including the recently closed
mouth of indian River. Shellfish area
closures are based primarily on the levels
of disease-causing microorganisms (patho-
gens) present. Any new closures, then,
indicate a potential water quality problem
in the area,

The Problem

One of the most obvious manifesiations
of water quality problems in the Inland
Bays is the necessity to close these areas
1o shellfishing (Figure 5}. Prior to World
War 11, all waters of these bays were open
to shellfishing. Today, extensive areas are
off limits due to excessive levels of coli-
form bacteria found in shellfish intestine
Sheilfish accumnulate bacteria and viruses
in their intestine and, if consumed, could
cause diseases, such as viral hepatitis.

Three conditions are required for an
arca to be open for shellfish harvesting:
(1} the area must be sufficiently removed
from sources of fecal contamination so

ot 1o be dangerous to the public health:
(2) the ares must be free from even small
quaniities of fresh sewage: and (3) bac-
terivlogical sampling does not normally
shuw  unacceptable levels of indicator
bacteria total or fecal coliforms. In
order to protect the public, the Delaware
Division of Public Health is responsible
for regularly analvzing bay water samples
for the presence of colifurm hacteria. To
determine il shelifish are suitable lor hu-
nian consemption, a total coliform bac-
teria count is used as an indicator of the
presence of disease-causing organisims in
the water. If the median total coliform
level exceeds 70 MPN {most probable
number} colonies per 100 milliliters {ml)
of bay water or if more than 10% of the
samples exceed 330 MPN colonies/100ml,
the area is likely to be closed to shellfish
harvesting (DNREC Crder Number 79-W-1
27257719, Closure or conditional closure
is based primarily on the median of the
last 15 samples collected in the area.

The total coliform bactetia count has
been wuseful because coliform bacteria
colonies are easy 1o identify and the test
provides a quantitative result on which
standards can be based. Drinking water
and recreational water quality standards
also use a type of coliform bacteria count.
Recently, however, several health experts
have questioned the value and reliability
of the total coliform bacteria count stan-
dard {James and Evison, 1979). The origi-
nal purpose of the test was not to indicate
water quality, but to delermine the level
of pathogens in sewage treatment plant
effluent. However, lacking a consensus
on alternative shellfish harvesting water
quality criteriz, the total coliform bacteria
count test is used widely throughout the
United States, including Delaware.,

In addition to the Delaware Division
of Public Health, the Delaware Division
of Fish and Wildlife is responsible for the
manapement and protection of the shell-
fish resource. Together, these agencies
regulate shellfish harvesting.

Actions to Date

The increase in the number of areas
closed to shellfish harvesting indicates
declining water quality because more
bacteria are entering the bays than ever be-
fore. The Department of Natural Resources
and Environmental Control (DNREC) has
tried to remedy this problem by requiring
sewage treatment plants, which release ef-
fluent into the bays, to upgrade their fa-
cilities.

The aim of wastewater (sewage) treat-
ment is to remove physical and chemicat

components of wastewater that render
the water toxic, aesthetically unpleasing,
or otherwise uasuitable for its intended
use. Sewage treatment is concerned with
removing solids, toxic substances, patho-
genic organisms, and breaking down or-
panic wastes from households and other
facilities.

Treatment can consist of mechanical
processes alone or a combination of
mechanical, biological, and chemical
processes. The three types of central
treatment are the following:

» Primary treatment physically removes
solids through sedimentation, but does
not deal with organic substances, toxic
substances, ar pathogenic organisms.
It removes approximately 50% of the
solids and reduces the dissclved oxy-
gen demand by 50%. In Delaware,
chlotination is used to reduce the num-
her of pathogens. Excessive chlorina-
tion should be avoided because chlorine
and chlorine compounds can have sub-
lethal effects on estuarine organisms
{Brungs, 1973).

» Secondary treatment, in combination
with sedimentation, biologically breaks
down organic material with 85% re-
moval efficiency. This treatment also
uses chlorination to reduce pathogens.

» Tertiary treatment chemically removes
phosphorus and nitrogen compounds
and through filtration eliminates addi-
tional organics and suspended solids.
Tertiary treatment is the most effective
method for wastewater treatment

(95% removal rate), but it is very ex-
pensive and often undesirable for small,
rural communities. The South Coastal
Regional Wastewater Facility in Sussex
County employs filtration and chlori-
nation, but does not remove nutriznts.

In addition to producing clean {or
cleaner) water, sewage treatment processes
create large amounts of sludge material.
Depending on the original effluent and
the nature of treatment, sfudge may con-
tain toxic {poisonous) or pathogenic sub-
stances and must be disposed of with care.
Sludge can exist as a liquid, a semisolid
sludge cake, or ash. if all toxins are re-
moved, it can be used as fertilizer, an ird-
gant, or landfill.

Sanitary collection systems consist of
pipes connected to homes and other facili-
ties for transport of sewage only. Storm
sewer systems transport run-off from
roads and other paved areas and from
land. Heavy rain or rapid snow-melt can
quickly overwhelm the capacity of sewer
systemsand resudtinlooding. - . 5
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Despite improvements i sewage treal-
ment practices and the enforcement of
effluent standards. the amount ol area
clused 1o shellfishing has increased over
the last two decades. The Delaware Coast-
al Managcment Progiam funded a study
1o mode!l the distribution of coliform
bacteria in 1he Inland Bays. The study
results suggest  that nonpoint sources,
which include mmicultural run-oft, pre-
cipitation. on-site septic systems, and salt
marshes. contiibute  sipnificantly  more
bacteria than do point sources, such as
sewage treatment plants (Jensen et al.,
1981).

Proposed Strategy

At this time. Delaware does not have a
strategy  for addressing the abovc-men-
tioned possible sources of bacteria. To
deterntine the source of bacleris into the
hays. the state should consider supporung
a2 scientific investigation of the sovurces
and strategies thut might be useful in miti-
gating the problem. Such an investigation
would include identification of the bac-
terial sources and sinks in the bays, daily
and seasonal measurement of bacterial
concentrations in shellfish intestine and
bay water, definition of existing problem
areas, and identification of potential
problems in the future.

Shellfish are an important economic
and recreational resource. The state must
decide how it wants to ensure the future
well being and use of the resource.

Figure 5. Historical changes in shellfish
bed clasures in [ndian River Bay, showing
that the agrex berween Lingo Puaint and
Pot Nets Point, open in 1962, was closed
in 1979 {adapted from “Executive Sum-
mary: Analysis of Coliform Bacteria
Problems in Indian River Bay, Delaware,”’
Espey, Huston and Associgres, Inc.,
1981 )

Eutrophication

Introduction

Nutrieits, such as phosphorus, nitro-
gen, and carhon, are essential o the
growth of algae and other aquatic plants
in all estwaries. Nutrient sources include
raw and treated sewage, various organic
and inorpanic industrial, municipal, and
recreational wastes. sediments from land
crosion, z2nd runoff of fertilizers. How-
eveq, when the amount of nutrients in the
estuary is loo great called nutrient en-
richment —plant growth is uncontrolled.
When nutrient ennichment occurs, the
estuary becomes unheaithy and less
attractive aestheticatly .

The health of an ecosystem is defined
as “that state in which the components
and processes remain well within specified
limits of system intogrity. selected to
ensure that there is not diminution in the
capacity of the system to render its basic
service o soctety throughout the indefi-
nite future™ (Darnell and Soniat, 1980).
This section will discuss nutrient enrich-
ment of the Inland Bays and the subse-
quent impacts on the health of the bay
ecosystems,

The Natura] System

Eutrophication is the process of nutri-
ent enrichment of water bodies either
naturally through maturation or artifi-
cially by human activities. Eutrophication
has produced significan( bivlogical changes
in many lakes and estuarics {Smith, 1974).
Increases in nutrient loads stimulate a
dense growih of planktonic algae, domi-
nated by blue-green forms, and rooted
aquatic plants in shallow water. These
increases disturb nermal food chains. The
herbivores, principally grazing zooplank-
ton, are unable to consume the bulk of
the algae as they normally de. Abnormal
quantities of unconsumed algae, as well as
larger plants, die and sink to the bottom.
Due to oxygen depletion, the oxygen-
using decomposers on the bottom are
unable to reduce this organic matter to
inorganic matter, and so they perish.
They are replaced by organisms that do
not need vxypen and that only incom-
pletely decompose the organic matter.
As partially decomposed sediments build
up the bottom, sulfatereducing bacteria
release hydrogen suifide that can poison
bottom waters. These chemical and envi-
ronmental changes cause major shifts in
the plant and animal life of the affected
aquatic ecosystem.

The wouxygen concentration in the
walers of the Inland Bays is a function of
several progesses. The amount of dissolved
oxygen that the waters of the Inland Bays
can hold decreases as salt content and
water temperature increase. Even if there
were no life in the bays, the dissolved
oxygen concentration would follow a
seasonal partern as the salinity and tem-
perature of the water passed through an
annual cycle.

Oxygen pas physically enters bay
water from the atmosphere by diffusion
across the air-water boundary and through
bubbles caused by bieaking waves. Therate
of transfer is dependent upon tempera-
ture, sea state and wind velocity, and
amountt of oxygen alteady dissolved in
the water. Oxygen also enters bay water
through some biological processes, notably
through photusynthesis by phytoplankton
and submerped rooted vegetation, in the
presence of sunlight. Due to higher sum-
mer temperatures, biological activity in-
creases and dissolved uxypen can become
quite low. Nutrient enrichment accelerates
this process of oxygen depletion. Oxygen
dissolved in the bay waters is removed by
respiration of animals in the water (and
sediments) and, at night when they are
respiring but not photosynthesizing, by
phytoplankion and rooted vegetation.
Dissolved oxypen can also be removed
from the water by oxygen-<onsuming
chemical reactions, occurring primarily in
the sediments. Thus. the dissvlved oxygen
concentration measured in the Inland Bays
is the net result of the interaction of these
physical, biological, and chemical pro-
cesses.

The principal result of nutrient enrigh-
ment that concerns managess is the in-
creased oxygen demand created by the
decay of organic material, the growth of
which is stimulated by the presence of
nutrients. Therefore, the criteria for
eslablishing the current health of the
[nland Bays system are related to the
potential oxygen demand.

The Problem

Because eutrophication results in low-
oxygen conditions, levels of dissolved
oxvgen are considered an indicator of
eutrophication. A major result of nu-
merous human activities in and around
the Inland Bays is the reduction of the
amount of dissolved oxygen in the water.
Most organisms need oxygen to survive,
grow, and reproduce. And while they
might be able to survive low okypen.
levels, their growth and reproduci




Table 1. Chesapeake Bay Study classification of high-salinity [> 0.5 9/co) might be affected. Many toxicants act

estuarine waters (from Tippie et at., 1983) more  effectively  with a reduction of
Sotemtial dissolved oxygen. For exampic, fish are more vul-
] ential dissolve nerable to the eficcts of toxi
e 0 . ot toxic substances
lass  Total nitrogen  Total phosphorus  oxygen demand in loew-oxygen environments because Fish
{mg/1} (ma/1) {mg) must incre: it gill irrigati
increase their gl irrigation rates,
3 0-0.30 0.0.042 5 which in tum causes increased absorption
9 0.31-0.60 0,043-0:084 12 rates of toxicants.

3 0.61-0.80 0.085.0.112 16 As  more nut:_icnls enter Lhe bay
p 081100 11,0140 20 waters, the putpnllal oxygen demand by
5 101.175 o 141_0,245 g chcmwall reactions  greatly  increases as
. . 1760 0.2 - shown it Table 1 (Tippie et al., 1983).
246+ 36+ Rescarchers imvestigating nitrogen oading
S it estuaries thioughout the United States
have found that  nonpeint  sources
including agriculture and on-site waste
dispusal systems, account for as much as
_ 60% of the nitrogen 1o iSL n
Table 2. Compa‘rlson of injand Bays nitrogen and phosphorus loads Novoiny .';Itlk.;léI::f:J:S]UIJ;IB(ILgll;[;}l?1!;)72']
:ga;;n}dlfferent sources {adapted from Ritter and Scheffler, Lucally, Ritter and Scheffler (1977 ) ound
that nonpoint sources, not including septic
- tanks and salt marshes, contribute 68% of
Watershed Source (I:J(g/roger; %) :’h(}sphorus the nitrugen load nto Indian River Bay
year ka/year) {%) and 61% of the nitrogen load into Reho-

Indian River Point 164,700 {18) 57200 164} both Bay (Table 2).
Nanpaint 680900 (68} 19'400 122) ‘ Relatmg nuLricnts, organic material,
Septic tank 26900 [ 3 ]2-200 14, anld potentlal_ uxygep_dem.and io_d_eter-
W 129, . mine eutrophic conditions is 4 raditional
B0 (13 concept that the USEPA Chesapeake Bay
Rehohoth Bay Point 32700 (8 18300 (50} Study (Tippie et al., 1983) has extended
Nonpoint 259.000 {61} 7400 (20 to a classification scheme for the Chesa-
Septic tank 23800 (5] 10800 (30} peqke Bay and its tributaries. This scheme
Wetlands 110000 (26} ' assigns classes 1 through 6 to characterize
segments of the Chesapeake Bay relative
to nutrient enrichment. Class | is pristine,
with no nulrient enrichment; class 6 is
very highly enriched. When [ndian River
arI:d Rehobuth Bays are classified by total
nitrogen concentration, and ranked ac-
Table 3. Oxygen tolerance of principal Chesapeake and Inland Bays species cording to the Chesapeake Bay Program
{a_dapted from USEFA Chesapeake Bay Program Draft Final Report. classification scheme (Figures 6a and 6b).
Tippie et al., 1983) moslt of Indian River Bay is highly o very
highly enriclied (class 6), while most of
Oxygen {mi/l) Rehoboth Bay is wederately enriched

Species Death occurs Stress behavior occurs (C]“TSIS 4)-

- he total nitrogen classification scheme
Amenc.:an_oystgr a.7 1.7 developed for the Chesapeake Bay appears
Atlantic silverside 0.6 i ; o
. . 1.1 to be qgualitatively transferable 1o the

iuer:‘tab 05 18 Inland Bays because the classification
American menhaden oA 1.0 system predicts that problems can exist in
Spot 04 0927 waters with high total nitrogen concentra-
Mummict Q.04 09 tions. Researchers have found that

in Indign River and Indian River
Bay. .  the levels of percent satura-
tion of dissoived oxygen had a trend
fr e low west of the DPLL [ Del-
marvae Power and Light] power
station, There have been several fish
kills in this area since 1975. The per-
cent saturation of [dissolved oxy-
genf (D.O.) is lower than 1972
levels west of the power plant...
fand]. . (Rehoboth) Bay has had




only wor problens with its per-
coent satieration of dissotved oxvgen;
and generally, there has not been a
serious problem with a tack of D.0O.
... {State Water Inventory Tech-
nival Appendix, 1980}

Dissolved oxygen is of great importance
because it directly affects aquatic life.
The State ol Delaware standard for the
dissolved vxygen content of its tidal
waters savs that the dissulved oxygen
levels shalt not be less than a daily average
of 6 milligrams per liter (mgfl) nor go
below 5 mygfl at any time {DNREC, 1979).

These standards are conservative, in
that they are conditional limits well short
of the eritical limits of tolerance of im-
portant bay organisms. Thornton (1975)
has measured the dissolved oxygen con-
centrations necessary 1o kill 50% of test
hatches of juvenile and adult fishes in
Indian River Bay al specified temperature
and salinity conditions. Thornton’s data

and other research work are summarized
in Table 3. Given the variability obtained
in these experiments. Ihe potential sensi-
livity of eggs and larvae 1o all of the im-
portant organisms in the bays, and the
desire ro set a standard well above the
level necessary to kill the organisms in the
bays, the state has acted prudently in
establishing its dissolved axygen standard.

Dissolved oxygen concentration can be
used to measurc whether the componenis
and processes are within the specified
limits, and, therefore, whether the bays
are healthy, The defipition of health
specified “a state in which the compo-
nents and processes remain well within
specified limits of system integrity.” Ona
vearly basis, lowest dissolved uxygen con-
centrations should occur during the sum-
mer when water temperature is highest
{reducing solubility}, winds are lowest
{reducing mixing}, and respiration by bay
organisms is greatest (hecause the animals
living in the bay increase their metabolism

as temperature increases). To maintain a
healthy bay, all of these processes that
tend to reduce the dissolved oxygen con-
centrations need to be balanced by the
photosynthetic production of oxygen and
reaeration from the atmosphere.

Lowest dissolved oxygen concentra-
tions occur at about dawn, while highest
values are found near mid-day. This cycle,
which Canpbell (1975) has demenstrated
occurs in White Creek (a tributary to In-
dian River Bay), is important to consider
when evaluating the health of the bays
based on dissolved uxygen concentration.
In part, the time of day when the sample
is taken determines whether the water
body is regarded as healthy or unhealthy.
At dawn in the summer, Thornton (1975)
found all dissolved oxygen values below
4.2 mpfl, with occasional values below 3
mg/l in White Creek. By 4 p.m._, the dis-
solved oxygen was above 10 mg/l at all
stations. Clearly, all of the waters sampled
at dawn along the entire length of White
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Figure 6. Total nitrogen concentrations for Indian River and Rehoboth Bays, October 1978 through September 1979, based on classi-

fication scheme from USEPA Chesapeake Bay Study. (Data from Delaware DNREC, 1980).




Creek violated the state standards for
dissolved oxygen.

The day-night fluctuations in dissolved
0XYgen concentration are natural because
of the presence or absence of sunlight
that stimulates the growth of phytoplank-
ton and, therefore, uxygen-yielding photo-
synthesis, However, the degree of fluctua-
tion can bein fluenced dramatically by the
addition of nutrients. If phytoplankton
growth is stimulated, more oxygen will be
produced during the daylight and more
oxygen will be needed for respiration at
night. Thus, daytime dissolved oxypgen
concentration will be even higher and
nighttime even lower. If the nighttime
reductions become oo great. then mobile
organisms may avoid such waters. The
DNREC monitors the concentration of
dissolved oxygen in the [nland Bays. pre-
sumably acquiring data during daylight.
Based on the discussion in this section un
eutrophication, an increase in daytime dis-
solved oxypen concentration frem one
year to the next might indicate degrading
water quality. Yet the DNREC annual
assessment for 1974 concluded otherwise:

The profiles presented on rhe Jol-
lowing pages indicate an increase
tn dissolved oxygen in the last four
years in Indian River Bay with o
decrease in dissolved oxygen in
Rehoboth Bay. . . .(Water) quality
in Indign River Bay appears to be
better than that in Rehoboth Bay. ..
{Delaware Division of Environmen-
tal Control, 1975},

Although nighttime dissolved oxygen
data from the studies by Thornton and
Campbell are available, few nighttime dis-
solved oxygen studies other than Daiber
(1972, 1974) have been conducted for the
Intand Bays. However, an analysis of the
DNREC daytime dissolved oxygen data
suggests a plausible conclusion opposite
to that reached by the DNREC, Given the
dissolved oxygen standard of 5 mg/l (mini-
mum}, it is suggested that the time to
sample for dissolved oxygen is not during
the day, when dissolved oxygen is likely
1o be higher than the 24-hour minimum,
but at dzwn , especially during the summer.

While the Thomton data show that
tissolved oxygen values at dawn approach
concentrations that provoke avoidance by
some fish and approach lethal concentra.

tions fof others, there are no data indicat-
© ing that magsive .or persistent mortalities
have occurred. Based on the very limited
nighttime dissolved oxypen data that are
. avaifable; it is not reasonible to assert that
2 éoigid igitminent. Instead, it is sugacsted

._M:m_n@:tm dlsulve'd oxygen -

concentrations are approaching danger-
ously tow levels. (hat the year-to-year
daytime dissolved oxyeen Tevels in Indian
River Bay are experiencing wider fluctya-
tions, and that buth of these ubservations
are consistent with the high torat nitrogen
concentration of Indien River Bay .

Actions to Date

The DNREC conducts ap excellent
water  quality monitoring  propram  of
the Inland Bays and has conservative
regulations for dissolved oxygen in tidal
waters. The Delaware Coastal Manuge.
ment Program has supported studies that
have identified the majoa sources of nitro-
gen and phosphorus o the bays, developed
a water quality model {or the bays. and
identitied best imanagemen practices that
could be implemented to reduce pollu-
tants ¢nlering the bays,

Proposed Strategy

It & possible that the state water
quality repurts on the bays migli have
misinterpreted  high  daytime  dissolved
oxygen concentrations as an indicator of
good health, when it is at least as likely
that sucht high daytime wvalues might
indicate degrading water quality. While it
is lamentabie that there is no Sussex
County Comprehensive Plan from whicl)
to project future growth and demands on
the Inland Bays region, the state, through
its wastewarer discharge permit process,
can regulate and limit nitrogen and phos-

phorus additions to the Inland Bays by
estimating their assimilative capacity and
developing & wastewater management
allocation plan.

Therelere. it is strongly suggested that
a prudent course of action would involve
the following: (1) monitoring dissolved
oxygpen at dawn during the summer of
PR3 wver wide areas of Indian River and
Rehobotl Bays and their tributaries; {2)
monitoring dissolved oxygen hourly for
24 hours atl selected key locations; (3)
reviewing cxisting  water quality data.
models, and management s¢enarjos to
reduce ambient nitrogen and phospharys
concenltrations in Indian River Bay; and
(4) developing & wastewater management
allocation plan for nitrogen and phos-
pherus so that individual wastewater dis-
chaige applications would be viewed as
patt ol the whole process.,

utrophication is a process that does
not result {rom one individual cause, but
rather represents the end product of
numerous human activities. Activities in
the bays that might enhance eutrophica-
tivn are sewage disposal, organic effluents,
dredging, cils from boat discharges, and
heated  thermal effluents from power
plants. Because so many activities can
contribute 1o eutrophication, their im-
pacts must be cunsidered as a whole.not
just one-by-one. Al of these activities
are occurring simultaneously  so  that
while one alone might not be detrimental
to the health of the bays, the sum of all
human activities might be.

Nutrients are essential for maintaining a healthy bay ecosystem, but if nutrient Iew.'is
&e loo Iugk eutrophication can occur.



Dredging Effects

The demuand for mainnaining cxisting
channels und creating new vhannels Tor
ecreation gnd navigation in the Inland
Bays hus increased. Dredging can affect
e resaurces in several ways. Diedging
aperations siir hottom sediments, which
inwieuses turbidity, thus limiting photo-
synthesis, Dredgag of new channels also
cant alter natural water circulation patlerns
thut inadvertently introduce new condi-
tions on the shoreline and impact certain
mazine species. Because dredging alfects
the overall productivity of estaarine sys-
tems. i1 ts expressiv addressed in the
stale’s Wetland Act of 1973 {see 7 Dela-
ware Code 6602),

At the secondary level, there is growing
concern that the type and location of
dredging projects within the Injand Bays
arca are major determinants in the pat-
tern ol adjacent land uses following a
project’s completion. 1t appears (hai the
availabfity of navigable channcls, or
lack thereof, oflen directly encourages or
discourages adjacent upland development.
A survey of dredging permit praject
applications reveals that certain dredging
projects have resulted in deep-water access,
making development possible in areas
where it might not have occurred other-
Wwise.

The Natura] System

The environmental effects of dredging
can be limited if careful methods are used.
To minimize adverse effects, it is first
nccessary  to  understand  the natural
systems. This section briefly describes the
relationships between the sediments and
benthic species that inhabit the Inland
Bays.

The sediments of the Inland Bays
contain at lcast 150 bhottom-dwelling
(benthic) species, which live and feed in
different ways. They are primarily bur-
rowers and tube-builders that are filter-
feeders, camivores, or deposit-feeders.
Deposit-feeders feed on the sediments
they inhabit by extracting nutrment
from the associated detritus and micro-
organisms. In general, more species are
piesent in the susnier tan in other sca-
sons and more occur in Indian River Bay
than in Rehoboth Bay. The dominant
species are polychaete worms, bivalves,
and amphipod crustaceans.

Benthic species serve a number of
purposes in the estuary, They are food
for bottom-feeding fish. Through their

Man-made lagoons and cther dredging activities in the Inland Bays con alter natural
water circulation.

burrowing and tube-dwelling activities
they rework the sediments, constantly
turning over the top 10 tu 15 centimeters,
and hence, oxygenate the sediments.
Deposit-feeders help break down plant
detritus which accumulates from benthic
algae, the salt marsh grasses, and terrestrial
plant litter. Some benthic species accumu-
late heavy metals in their tissues and thus
reduce the availability of the metals to
the rest of the marine ecosystem. How-
ever, il they are eaten by fish and crabs,
any accumulated material might be trans-
ferred up the food chain. Benthic species
also affect the flux of nutrients and organic
compounds out of the sediments and into
the water column. Organic matter tends
to be ten times more concentrated in the
sediments than in the water column
above {Sherk, 1972). In addition, some
scicntists cunisidet bonthic spacies better
indicators of stressed habitats than are
fish and crabs, because benthic species are
relatively immobile.

Creating lagoons t0 enhance shoreside
development has s direct impact on the
bays' benthic communities, Lagoons are
confined coastal water bodies with

restricted inlets to the sea that generate
little freshwater inflow (Clark, 1977).
Because they are confined, the circulation
of the lagoons is siuggish. Therefore,
these dredped bodies of water are particu-
larly vulnerable to environmental disturb-
ances such as poliution, defined by Hous-
ton (1979) as the presence of matter or
energy whose nature, location, or quantity
produces an undesirable environmentai
effect. Consequently, lagoons bordered
by residential developments are highly
susceptible to degradation if not designed
properly to deal with the secondary effects
af water ¢utrophication caused by septic
system leachates and enriched land run-
off.

The Problem

The main recult of dredeing the bot-
tom sediments is an increase in the
amount of sediment suspended in the
water. This, in tum, can impair light
penetration into the water column and
subsequently limit photosynthetic activity
in the water column. Resuspension: of
sediments causes an increase in availahie




nutrients, otganic matter, hydrocarbons,
and heavy meials that adsorb readily onto
sediments while they are in place. Because
of their great surface area, fine-grained
sediments, which often are found in areas
that need maintenance dredging, contain
high levels of organic matter and heavy
metals. The oxygen demand of resus-
pended sediments is cight times that of
the same material when it was on the
bottom (Sherk, 1972).

Dredging can present other problems,
such as where to dump the spoils. Over-
hoard deposition of spoils can cause a 50-
fold increase in total phosphorus and a
100.fald increase in total nitrogen, hence
a rapid increase of nutrients to the ecosys-
tem. Heavy loads of suspended sediments
can adversely affect the gills of fish and
tissues of filler-feeders {clams, oysters,
bottom-dwellers, zooplankion). Of the
estuacine species studied in the laboratory,
the Atlantic silverside had the lowest
tolerance to suspended sediments {Sherk,
1972}, Organisims also have a limited
ability to tolerate heavy metals and hydro-
carbons. This ability depends on many
factors, such as dosage of metals or
hydrocarbons, water temperature. pH,
and dissolved oxygen levels. or presence
of other compounds. The level of organic
malerials present also can affect the ability
of a bhenthic invertebrate to tolerate

rexiging of bottom sediments in the
Intdnd Bays has been necessary (o satisfy

1L .

hicavy metals, Fipally, cven though an
organism survives the impact of a pollu-
tanl, the sublethal effects must be con-
sidered most frequently. reproductive
output and growth decrease.

OnJand disposal can cause contamina-
tion of the subsurface drinking water
supply from saltwater and toxic materials
that leach out every time rain falls onto a
spoil pile. Coastal Sussex is particulaly
vuinerable (o this threat because the suils
are sandy and the drinking water supply
is near the surface.

These problems associated with dredg
ing are particularly acute in the develop-
ment of artificial lagoons. [n the Inland
Bays area these lagoons have been crealed
1o satisfy the demand for boating access
from new housing or trailer park develop-
ment. Jo create a lagoon, a canal s
dredged from the landward end (“dead
end™} of the lagoon toward the water.
Once excavation of the area has been
completed, the strip of land separating
the lagoon from open water is destroyed,
allowing the water to flow inta the lagoon
{(Daiberet al., 1976).

Since 1970, several studies have
investigated the effects dead-end lagoons
have on the marine environment and
bicta. The studies conducted on the
Inland Bays have demonstrated that the
subsequent inadequate circulation and
flushing of the lagpoon result in stratifica-
tion of the water column, especially in
regard to its oxygen content, temperature,
and salinity (Daiber et al., 1976).

Oxygen demand in the water and
sediments often leads to depletion of
oxygen in the bottom water, particularly
in summer. Bacteria use oxygen to break
down the organic material of dead micro-
organisms. Without replenishment of
axygen, anoxic (lacking oxygen) condi-
tions can result in massive die-offs of
organisms present in the lagoon. The
surrounding housing developments can
contribute leachate from septic tanks
and 1un-off from streets and yards (Clark,
1977). This nutrient enrichment can
promate algal blooms and anoxic condi-
tions in the water, thereby compounding
the problem.

The physical chape of dead-end
lagoons is principally responsible for the
circulaiony prublenis ilial fesull in anuxic
conditions, Water cannot circulate freely
because there is only one opening. Thus,
the critical natural flushing essential for a
healthy environment is reduced or absent.
In addition to the single opening, a sill
is present, which prevents the free ex-
change of bottom water between the
lagoon and the bay (Daiber et al., 1576).

Actions to Date

Currently three wioups routinely con-
duct dredging operations in the Inland
Bays arcy, These are the UL Ay
Corps of Engincers, the Department of
Natural Resources and  Environmental
Control’s (DNREC's) Division of Seil and
Water Conservation, and the privale sec
tor. The LS. Army Corps of kngineers is
respansible for maintenance dredging of
the majority of nuvigable channels in the
area. The Division of Suil and Water Con-
servation v equipped with a dredge 10
handle small creeks. inlets, and some beach
replenistunent  projects  (Falk, 1980).
Private sector dredging has included those
projects that have created lagoon develop-
ment communilics and contract work for
silt removal by private maring operators.

ANl of these groups are required (o
obtain the necessary state and federal
permits privr 10 conducting  dredging
activities in the fnland Bays. State regula-
tory officials encourape applicants who
want to dredge in wetlands or subaqueous
lands to notify them when first beginning
the pruject to discuss the projects and
pussible alternatives. State officials aze
now working closely with prospective
applicants 1o ensute that projects comply
with state regelations and Jimit enviren-
mental damage (Falk, 1980).

Prior 1o 1heissuance of tederal permits
for work in navigable waters, the permit
application must be reviewed and approved
by the U.S. Fish and Wildiile Service, the
National Marine Fisheries Service, and the
U.S. Cnvironmental Protection Agency.
Each of these federal agencies reviews the
application, inspects the site if necessary,
and forwards its comments to the U.S.
Army Corps of Engineers. (The U.8. Army
Corps ot Engineers regulates activities in
waterways under the Rivers and Harbors
Act of 1899 (33 U'S.C. 408) and adjacent
wetlands and inland watcers under the pro-
visions of Section 404 of the Federal
Water Pollution Control Act of 1972 {33
U.S. C. 1344).) It is incumbent upon the
permiit applicant to resolve any objections
with the appropriate agencies prior to
issuance of a permit. Since 1981, the
DNREC and the U.S. Army Corps of
Engineers have been jointly processing
permit applications, thereby facilitating
the permit process and reducing the time
to issue a permit.

Many have expressed concermn that
dredging projects undertaken by the state
need to be formally prioritized and com-
prehensively examined to determine the
long-term costs and benefits of the envi-
ronmental and economic impacts of these



projects. Corrently, dredging projects are
determined apnually. The process is begis-
lative in tha! constituents or the Division
of Soil and Water Conservation petition
their representatives to submit a resolution
hefore the General Assembly to appro-
priate state Tunds for dredging projects.
Since 1970, the state has dredged orsched-
uled dredging in the Inland Bays area in
Love Creek, White Creek. Guinea Creek.
Herring Creek. Lee Joseph Creek (Cozy
Cove), Cedar Cieck, Jefferson Creck,
Blackwater Creck. and Pepper Creek.

Proposed Strategy

The dredging of lagoons and creeks in
the Inland Bays arca is un activity that can
cause sipnificant environmental impacts i1
not carefully planned. This was recognized
in 1976 during the development ol recom-
mendations for the state’s Coastal Manage-
ment Program (CMP). A 1eport funded by
the CMP. an Atlas of Delaware’'s Wetlands
attd Estuarine Resources, made  ecom-
mendations and suggested policies that
needd to be considered prior to initiating
such projects. Of nine specific recommen-
dations regarding the development of
laguons. unly five have been adopted by
the DNREC. They stated the following:

» Projects that bhenefit the public @t
large, rather than a small private
interest, should be given priority.

«  Dredging should be done only in arcas
where it dues nol threaten wetlands.
f Adopted|

o All dredging should be preceded by
ecological feasibility studies in con-
junction with economic assessments
and engineering studies.

« Integrity of natural waterways should
be maintained.

o Dredging should be restricted to Nu-
vember through mid-March to avoid
interference with  migrations and
spawning seasons of finlish. f Adopted|

« lapoon construction should be design-
ed to facilitate water circulation; that
is, no dead-end lagoons should be per-
mitied. f Adopted]

« If dead-cnd lagoons are constructed,
they should be no longer than twice
their width f Adnpred]

+ Dredging shouid not be carried out
below the natural water depths of the
locality (that is, no sills). f Adopred]

+ Residences should be placed on adjoin-
ing uplands. Proper community plan-
ning, including density of housing,
sewer sysiems, soil characteristics, and

land drainage. should be accounted for.
| Adopted in partf

With respect 1o the development of
criteria to assess the need for and primary
and secondary environmental ind eco-
nontc consequences of proposed state
dredging projects. the situation is mot
clear. According to the Director of the
Division of Suil and Water Censervation.
efforts to establish an interagency group
to evaluate and recammend criteria 1o
assess the merils of such projects are
underway (Irclan, 1982)

Any dredging policy adopted should
consider the Tollowing items:

+ Al dredeing should be scheduled 1o
minimize disruption to fish and bird
breeding, migrations. marine habitals,
and water circulation.

» An analysis of bottom sediments
should be made prior o dredging to
determine if texins are present and 1o
determine  which bottom  areas are
mast productive bivlogically.

+ Dispusal of dredge sediments shouid
be used, when practical, tor beach nour-
ishment ar should be disposed of inte
the longshore current system.

« An inventory should be conducted to
locate spoil sites that are environ-
mentally acceptable. Disposal should
not alter the hays natural sediment
transport processes (Swisher, 1982}

+ Dredging should be conducted in areas
that will bencfit the general public as
established in a suitable cost-benefit
analysis.

These items are necessary components for
any criteria established 10 assess dredging
projects conducted by the state. In addi-
tion. a policy statement should be devel-
aped that specifies the types of projects
and under what conditions such projects
qualify as state-funded activity.

Saltwater Intrusion

Although the quantity of groundwater
in castern Sussex County adequately
meets demands. the quality is sometimes
a problem. The presence of chloride indi-
cales saltwater intrusion, a severe threat
where the water table is low. As the major
source of water for domestic, agricultural,
and industeial use, groundwater quality is
critical. What follows is a discussion of
the natural processes. the problem, what
has been done. and the proposed strategy
tv deal with this problem.

The Natural System

Sussex County rests on the Atlantic
Coasta]l Plain. This plain consists of a
wedge of sedimentary material, thicker
along its southeastern edge, atop a base-
ment of igneous and metamorphic rocks,
In Delaware, this sedimentary wedge con-
sists of unconsclidated sand, gravel, and
clay tormations that dip gently toward
the southeast. The combined thickness of
these sediments ranges from 4200 to
7800 feet.

Sediments of the Atlantic Coastal Plain
contain significant amounts of freshwater.
This groundwater, known as an aquifer,
is stored in sediments in two ways: it is
found relatively near the surface as part
of the water table, and it is stored in
artesian layers 2t various depths below
the land surface.

The water table is that horizon in the
ground below which the soil is completely
saturated with water. The source of this
water is rain, and the recharpe area of an
aquifer is the land above it, from which
rain and other precipitation drain. Because
it depends on local precipitation for re-
charge . the surface of a water table aqui-
fer, that is, the water table, will move up
and down as the amount of local precipi-
tation changes. Because of its proximity
to the land surface, an aquifer can be
tapped easily to supply water to house-
holds and other facilities. Unfortunately,
it also can hecome easily contarminated.

About 90% of the water pumped for
domestic, agricultural, and indusirial use
in Sussex County comes from the water
table aquifer (Sundstrom et al., 1976).
This system ic recharged through the
natural water cycle process, The hydro-
logic (water) cycle is powered by solar
energy (Figure 7). Water vapor enters the
atmosphere through evaporation . from
water bodies and the soil and through

transpiration from the leaves of plants,
This water vapor condenscs in the cooler:
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upper atmosphere and forms clouds.
When water droplets are tou heavy to
stay in the atmosphere, they leave the
atmosphere in the form of precipitation.

Some of the water falling on land
flows over the surface to streams and
other bodies of waler: some pervolates
inte the ground where it can also flow
underground to a water body; and some
is absorbed by plants and ingested by
animals. Through the process of respira-
tion, animals lose water 1o get rid of their
body wastes. And when all living things
die, water 3s lust through the process of
decompaosition (Houston, 1979).

The water 1able aquifer extends
throughout Sussex County and, due to
the abundance of precipitation in the area,
is nearly always “brim full.” The Sussex
County water table aquifer holds about
3 cubic miles of water. Consequently, the
amount of water removed for human use
constitutes only a small percentage ot the
aquifer’s reserves. In 1969, the amount of
water removed for human use in Sussex
County was approximately 18 million
gallons per day (MGD), compared with a
recharge 0of 490 MGD.

Sussex County uses the groundwater
supply for both its agricultural and muni-
cipal needs. In 957, the agricultural com-
munity used 0.4 MGD. By 1974, however,

this demand had increased to 5.7 MGD,
an increase greater than 1000%. At the
same  time,  municipal  withdrawal  of
groundwater had increased from 3.7
MGD in 1937 to 6.5 MGD m 1974,
Experts believe that the aguifer, which
supplies 30% of coastal Sussex County's
waler demands, could sepport pumping
as high as 100 MGD without sufiering i)
cffects provided that developmentis prop-
erly planned and 1he pumping properly
distributed  {Sundstrom et ai., 1976}
Freper planning would have 1o address
the existing problem of saltwater intru-
sion in developments that are seaward of
the 10-foot vontour,

The Problem

While the guantily of groundwater in
castern Sussex County is cunsidercd ade-
quate tomeet present and Tuture demands,
there have been. and continue to be, prob-
lems with the qguality of this water, At
several locations in coastal Sussex County.
the chloride content of water pumped for
human consumption has regisiered well in
excess of the maximum standard of 250
mg/l, as cstablished by the U.S. Depart-
ment of Public Health and the U.S. En-
vironmentak Protection Agency. This prob-
lem is generally the result of excessive
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pumping. which causes a local deop in the
water table. The subseguently dimmished
pressure head within the aqguifer allows a
wedpe of saltwater, which underlies the
freshwater aguifer. 1o migrate landward
(Fioure &) IF the altwater  wedse mi-
grales far eacugh, 5 way intensect and,
thus, contanunate the well.

The threat ol saliwater intrusion s
most severe along the coast of southem
Delaware, where the water table is less
than [0 fect ghove mean sea fevel and the
vertcal distance to the saltwater horizon
is smoall. In such a:zas, pressure exerled
by the wquiter on the underdying saltwater
wedge s sheht enongh that carelessly-
monitored pumping can reswdoin landward
migration, or intrusion, ol the wedge and
subsequent contamination ol even shallow
wells.

The amaunt vl chiloride present is oien
used as an indicator of sultwater intrusion.
This is becavse chloride usually is asso-
ciated with sodium as part ufthe common
salt compound sodium ¢hioride found in
saltwater. lowever, becauwse sodium can
come from a varicty of other sources, its
presence does not necessarily indicate the
presence  of saltwater.  Although  the
ingestion of chloride is not a significant
threat to human health, the ingestion of
sodium cun be. Sodium is abundant in
natural waters through the process of
geological leaching of surface and under-
ground salts. from human activities such as
salting the roads in winter and septictanks
systems, and from saltwaterintrusion into
freshwater aquifers (Safe Drinking Water
Committee, 1977).

Rescarchers  have  determined that
sodium taken in excess of human nced
can induce an increase in blood pressure
levels and eventually can induce hyper-
tension in suscepiible persons. Medical
studies indicate that adults can maintain
normal body functions on asodium intake
of less than 2000 mg/day. Sodium require-
ments for growing infants and children
are estimated at Jess than 200 mg/day.
Many Americans. however, consume more
than ten times the necessary sodium intake
(Safe Drinking Water Commitiee, 1977).
In addition to human health impacts, salt
adversely affects agriculture. Many im-
portant crops in Delaware have low salt
tulerance and could be damaged if irriga-
tion water is too salty. Because the agri-
cultural community depends on the
groundwater for its irrigation supply, and
because the presence of salt can affect hu-
man health, it is essential that the ground-
water supply be protected from saltwater
intrusion. This isa critical problem because
as little as 2% mixing of seltwater can



render freshwater untit for inigation and
unpuotable. that is. unfit Tor human con-
sumption (Clark, 1977).

Tw protect pubiic health from contami-
nated water supplies. the U.S. Congress
enacted the Sale Drinking Water Act of
1974, This law authorized the US. Ln-
viromuental Protection Agency to devise
standards for drinking water. The State
of Delaware udopted the national standard
of 250 mg/1 of ¢hloride as the maximum
allowable limiv for drinking water, The
Delaware Division of Pubhic Health (DIPH)
is responsible tw sampling conmunity
drinking water wells o determine if
chloride and  wihier contaminants  sre
present, Measurements in the Inland Bays
are typically above the 230 mg/ standard.
In repular samipling by the DPH during the
suinmer of 1982, wells in the Rehoboth
Bay arca were tound ta coniain excessive
levels of chloride as high as 667 mg/]
(DPH files, 1982). Lung Neck has been
identified as having saltwater intrusion
probleims {Ritter and Chirnside, 1982

The ihreat of saltwaler intrusion in
Sussex County is greatest in the summer
because the resident population increases
dramatically, thereby increasing the de-
mand for water, and because agricultural
demands increase. Therefore. it is reason-
able to conclude that saltwater intrusion
is occurring because the other causes of
salt contamination would not explain the
tremendous increase in chloride concen-
tralions.

Actions to Date

Unfortunately, the areas most sus-
ceptible to saltwater intrusion include
those most prone to recieational and resi-
dential development. Communities where
well contamination has been a problem
include Long Neck between Indian River
and Rchoboth Bays, Dewey Beach, and
South Bethany. Both the towns of Lewes
and Rehoboth have had to relocate their
well fields above the 10-foot contour
because of existing or potential problems.
Other communities have been abie to
mitigate the problem by regulating pump-
inp rates.

The Department of Natural Resources
and Environmental Control (DNREC)
Water Resources Section is responsible
for water supply management, enforce-
merit of surface water quality standards,
well water permits, and groundwater
management. The DPH enforces drinking
water standards. Until recently, saltwater
intrusion episodes have been considered
- on # case-by-case basis by the DNREC,

but with no specific criteria. Recognizing

the lack of a comprehensive approach to
water resources prdtectiun and allocation
by the state government of Delaware,
Governor Pierre du Pont IV issued Execu.
tive Order Number 97 on 20 February
1981, which created the Comprehensive
Water Resources Management Commitiee,
which

shall provide guidance to DNREC
and serve as @ Jorun for reselution
of  waler resoterces  IManagemertt
issues, development of goals and
objectives, exchange of information,
coordination  of work  programs,
and recommendations o methods
agnd approaches o facilitaie man-
agement of Delmwere’s water re-
sources. .. {Executive Order Num-
ber 97, 1981).

The commiftee has been subdivided inta
five subcommiitees: Water Allocation,
Groundwater Quality. Water Shaortage,
Agency Ruoles, and Data Management.
The committee has no suthority to develop
or adopt policies. hut advises the resource
managers and users.

The Subcommittee on Agency Roles
{(SAR) reported in its Draft Summary
Report that specific “policy and guidelines
should be written to establish ciiteria for
the placement of wells” (SAR, March
1982}, The subcommittee went on to
recommend  that such critieria should
specify (1} the volume of water to be
withdrawn, (2} well spacing, {(3) the use
of nearby wells, (4) the effect on further
land uses, and {5} the depth of the pro-
posed well. Such a policy would require
the involvement of Sussex County govern-
menl in cooperation with the DNREC.

Proposed Strategy

tn addition to the previously mentioned
approaches to protecting the aquifer from
saltwaler intrusion, various researchers
have proposed the following (Clark,
1977):

» Artificial recharge can augment the
natural recharge of the aquifer by
spreading water on the surface (if the
aguifer is unconfined) or through in-
jection inta the weils (if the aquifer is
confined).

= Construction of interceptor wells adja-
cent and parallel to the coast might
prevent saltwater from migrating
landward.

These techniques require modifications
imposed on the natural water system.
tnstead of modifying the system (which
according to scientists has the capacity
to provide freshwater to Sussex County if
not overpumped). it might be more prac-
tical to work within the system. That is,
impose and rigorously enforce water with-
drawal limits and well-siting criteria for
both agricultural and domestic users.

All regulations must be equitably de-
signed and enforced so that one user group
does not have to bear the entire regula-
tory burden. This requires reasonable
water allocation, particularly during high
summer demand, for all user groups:
farmers, residents, commercial interests,
and seasonal visitors.

The State of Delaware and Sussex
County must cooperate in creating reason-
able and effective public policy in order
to aptimally manage the valuable water
resource and protect public heaith,

mean sea level

water table

Figure 8. Effects of pumping water from wells in unconfined aquifers exposed to saif-

water (adapted from “Hydrology, geology, and mineral resources of the coestal zm.u;




Nitrate Contamination
of Groundwater

Nitrogen is essential to life. bur in
groundwater it can be a contaminant,
Notable sources of nitrate contamination
of proundwater in Sussex Coun ty include
septic tank systems and leaching from
agricultural sources. Understanding how
these sources release nitrate contaminants
enables a better understanding of how to
solve the prohlem. The propaosed straicgy
to deal with nitrate contamination gocs
beyond the actions taken to date.

The Natural System

Nitrogen, essential to all living things,
comprises 79% of the atmosphere and is
found in proteins. vitamins, hormoncs,
ferttlizers, enzymes, and animal and hu-
mar waste products. Nitrogen must be
converted to other forms, however, betore
it can be used by plants and animals. The
nitrogen cycle is a complex cycle that
ilustrates the many forms in which nitro.
gen appears (Figure 9).

To be vsed by green plants, nitrogen
in the atmosphere is converted into use-
able forms (fixation) such as nitrates and
ammonium, Plants absorb these com.
pourds and eventually convert them into
protein. Animals then ingest the plants,
using the nitrogen compounds to build
protein and other essential substances
Once an organism dies, decomposition of
the tissue breaks down the proteins and

changes them back into ammonium and
nitrate compounds. The final step of the
cycle converts these compotnds  into
nitrite or atmospheric substances,

Other nitrogen present in the natyral
system comes from interna) combustion of
fuels, fertilizers, animal and human wastes,
and urban and rural run-off of nitrares
tnto streatus, rivers, and estuaries, When
nitrate, which is the most stable nitrogen
compound, is used as a fertilizer, some of
(t is absurbed by the plant systeny. Much
of i, however, leaches out of the sail and
can be carried into the groundwater or
washed into the marine environmen. Just
as nitrate is effectively absorbed by plants,
it is also easily absorbed into the marine
cnvironment.

Ritter and Chirnside (1982) identified
nitrate contamination of groundwater in
Sussex County as the most significant
groundwater pollution problem. Nitrate
is introduced into the groundwaler from
seplic lank systems and leaching from
agricultural sources, including  poultry
manure and fertilizer applications (see
Table 2). Each of these sources will be
discussed below.

Septic Tank Systems. Most residents
of tire Inland Bays have individual septic
tank systems on their lots. A septic sys-
tem consists of a tank, which is connected
to houschold plumbing by 2 pipe. and a
leach field, which is connected to the tank
by another pipe (Figure 10). Wastewater
from the household enters the tank,
where it resides for approximately twg
days. During this time, heavy solid

materials settle 1o the bottom and light
oily residues float 10 the surface. Some
biological treatment and digestion occur
at this time. The remaining liquid (which
may still contain some solids) s pumped
of drained from the (ank into the leach
field, which cansists ul' a perfurated pipe
system embedded in porous, permeable
material, Wastcwater crickles out of the
holes in the pipe down through the bed-
ding matetial and into the soil, Bacteria
in the bedding material and soil break
down the organic compoundsin the water.
If designed properly and located on swit-
able svils, septic systems can treat house.
hold wastesefficiently . with the exception
af heavy melals, orpatic toxing, viruses
and other pathogens,

Septic systems can add nitrate to
groundwater when the water table is near
the land surface. Where Lhe soil is nmper-
meable. downward drainage of effluent is
inpeded and pools of liguid may accumu-
late at the surface. I the soil is too per-
meable. effluent may drain quickly and
reach the groundwater before it has been
adequately teated by the soil. In addi-
thon, where the density of septic systems
(s too preat and the soil is permeable.
local precipitation may be insufficient (o
dilute wastes accumulating in ground-
water. Over time. wastes in groundwater
may build up to intolerable levels. Con-
lamination of the area’s eroundwater
renders the aquifer that supplies the drink-
ing water unuseable for decades (Subcom-
mittee on Groundwater Quality, 1982).

rain, drainage

nitrogen fixing
algae 8 bacteria

' k M 9. Mtrvgm cycle {adapted from Chesapuke Bay: Iatroduction to the Ecosystem, USEPA, 1982,
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Agricultural Sources. Agricultural lands
account for approximately 42% of land
use in Sussex County. This includes crop-
land and confined animal operations:
curn, soybean . and poultry farm produg-
tion are the predominant activities (Smith,
1982). While t1otal farm acreage has re-
mained essentially constant since 1955
(Figure 11} the quantity of nitrogen
added as fertilizer (almost exclusively in
the farm of water soluble nitrogen com-
paounds) has tripled (Hargert and Berry,
1980). According to the Narth Coasral
Land Use Plan, agricuitural land use has
been projected 1o increase by between 29
to 35% for the 25-year period 1975 to
2000 (Weston, 1979). Because agricultural
land use is expected to increase, it is rea-
sonable to assume (hat fertilizer use
will also increase.

To continue the high yields of Delaware
erops. nitrogen fertilizer is applied heavily .
Much is utilized by the crops, some re-
mains in the soil, and some inevitably ends
up in the water table. Poultry operations
continue Lo increase, resulting in a peed
to dispose of Jarge quantities of manure.
Sometimes manure is spread on the fields
and at other times it is stockpiled.

Nitrogen in fertilizers and manure is
lost from the soil to the water by percola-
tion of water through the soil and through
leaching of soluble nutrients. In Sussex
County, surface run-off of nitrogen is not
a significant problem hbecause of the
gradual slope of the land.

The Prablem

The most significant human  health
impact is the problem of methemoglo-
binemia, also called infant ¢yanosis. When
nitrate is present in groundwater, it is
ingested by humans. In the human intes-
tine, bacteria convert nitrate to nitrite.
Nitrite enters the blood stream and re-
duces the blood’s ability to carry oxygen,
essential for the weli-being of all living
tissue. Without an adequate supply of
oxygen, brain damage, anoxia, and death
may ensue. The principal health threat is
to infants, because of their small size and
high respiration rate, and pregnant wo-
men. The bluish appearance of an infant
whe hag been ingasting wiliafe-iich wale:
indicates the induction of cyanosis.

Scientists have found that cyanosis
incidents occur when water contains more
than 10 mpg nitrate (as nitrogen} per liter.
This 10 mg/l limit is the adopted standard
of maximum concentration for drinking
water in Delaware. To safeguard drinking
water, the Delaware Division of Public
Health (DPH) is responsible for testing
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Figure 10. On-site septic disposal system, with trenches partially uncovered to show
distribution pipes (adapred from “Home Septic Systems, Proper Care and Maintenance,”
Universitv of Delaware Cooperative Extension Service Bullerin 126, 1982/,

public drinking water supplies fur nitrate
contamination (and other contaminants).
[f a well is found to contain nitrate con-
centrations in cxcess of the standard, the
owner of a public or community well is
put on notice until the problem is elimi-
nated. In 1981, weils in East Millsboro,
Dagshoro, Cedar Neck, and Millville were
identified by several studies as containing
excess nitrate levels (DPH files, 1982:
Ritter and Chirnside, 1982). The Sub-
committee  on  Groundwater Quality
(SGWQ) of the State Comprehensive
Water Resources Management Committee
stated in its 1982 report that 41% of the
118 agricultural wells tested in coastal
Sussex County had nitrate levels in excess
of the 10 mg/l standard (SGWQ, 1982).

Once nitrate enters the potable water
supply, it is reasonable to assume that the
groundwater is threatened because 90%
of Inland Bays® water demand is satisfied
using the aquifer. Once the groundwater
is contaminated, the aquifer is unfit for
human consumption, and altermative
sources of water must be used to meet the
demand. This would impose additional
costs on the consumer despite the avail-
ability of a water supply that was at one
time potable.

Actions to Date

The Department of Natural Resources
and Environmental Control {DNREC) has
focused ite atternpts at abating nitrate
pollution through the recent septic system

permitting revisions, Before a septic sys-
tem can be installed, a percolation test
is required, which is intended to cnsure
that septic effluent flters below the sur-
face and does not pool at the surface. The
s0ils of Delaware’s Inland Bays tend to be
very sandy and permit percolation rather
easily. In fact, a study has reported that
“the standard percolation test is not a
suitable means of determining the suit-
ability of a site for disposal of septic-tank
effluent.” The researcher went on to say
the following:

Such a method was devised to
determine whether g certain soil
was suitable for filtering disease-
causing organisms from the efflu-
enf, but the test is not suitable for
evaluating a site when: {1) the soils
are very permeable; {2} the water
table islow; {3 ) nitrogen compounds
in the form of nitrate are present;
and (4] the amount of septic tank
effluent on the land is so great that
nitrgtes cannot be diluted by down-
ward  percolating  groundwater
(Mitle, 1972),

The DNREC has recognized the limited
application of percolation tests in Sussex
County and will be issuing new regula-
tions that rely on the Scil Conservation
Service’s (SCS) soil rating system in March
or April of 1983. The SCS’s rating system

will continue 10 be used to screen permits

for individual lots. For all lots where the

]
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a survey ndicates a permeahility problem,
/ i ¥p
Delaw ara Pogr First high water table, or a wide raipe of soil
E Richard’ B b
r . o
dntovered Almanac angine types. DNREC personnel may condugt an-
Wi 1 site investigations and take samples io
E&D‘ Spanish ensure the accuracy of the test daia and
AN A . .y . - .
e Americ American to prevent the falsification of informatian
L mancan .. R . -
stabished Fevolution Ferst (Delawure Division of Environmental Con-
ralroad WW | 1 1987
mSaaford trol, 19872,
There exists some guestion, however,
i } as 1o the effcctveness of this new ap-
1700 1800 2000 proach in the Inland Bays. The Subcom-
mittee on Groundwater Quality Repaort
stated that
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the sodl surneeys rating system of
limitgtions  for seplic svstems. ..
{indivares ondy) the Hkeliood 1o
cause a sepic svstenr to malfunce-
tivn. The likelihood of groundwarer
pollution is only marginglly con-
sidered. A highly permcable soil is
assigned arating of “slight " although
i presents the worst threat to
groundwater  guality {SCWQ,
] Nuventber 1982).

1600 2000 The SGWQ recommended that the DNREC

regulations be revisedtorequire that appro-
0 priate septic system density be adopted
to protect existing and future uses of
o0 — 1 groundwater. This density would be on
the order of vne Lo two acres per systen,
as opposed to the existing 1250 galtons/
acre/day standard for sewage discharge to
the ground. The low-density development
recopmendation is based on the assimila-
live capacity of the aquifer. More scientific
rescarch is needed to determine the appro-
priate septic system densities in the Infand
Bays (SGWQ, 1982).

Beside the attention given to septic
systems, the state has not sufficiently
addressed the other primary contributor
of nitrate 1o the aquifer and the bays:
that is, agricultural practices.
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: E At this time, the State of Delaware has

E 55 | —H4w0 = been encouraging the agricultural com-

u ® munity to voluntarilyadopi recommended

w o Best Management Practices (BMPs), aimed

2 - z at balancing soil and water protection

- 3 with the needs of everyday agricultural

z g production. More attention must be given
53 . A l o - to creating and implementing BMPs aimed

.o 1700 1800 1800 2000 at groundwater protection.

The State of Delaware is responsible

: to its citizems for the protection of public
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for controlling nitzate inputs into the
groundwater supply is to implement g
progran to control nonpoint sources
through the use of BMPs.

Several researchers {Ritter and Chirn-
side, 1982; USEPA, 1978; SGWQ, 1982:
among others) have ldentified many BMPs
for controlling groundwater pollution
from agricuttural sources, including the
following:

= Apply only wlhat munure or fertilizer
will be removed by the crop.

+ Test manure and fertilizer nutrient
levels for accurate indicators.

« Institute soil-testing programs on a
comiprehensive level.

» Calibrate manure spreaders for correct
rate of application.

o Use slow-rclease nitrogen fertilizers.
= Cormrect s0il pH by liming.

These researchers have emphasized the
critical need to control agricultural sources
of nitrate pollution and to initiate BMPs
at the siate level. The state, therefore,
must piovide farmers with BMP guide-
linzs. Education outreach programs are
available through the University of Dela-
ware's College of Apgricultural Sciences
Cooperative Extension Service. In addi-
tion, Cooperative Extension can play a
major role in the research and develop-
ment of alternative technologies for the
implementation of BMP techniques.

ldeally, the agricultural community
and the state would conlinue to cooperate
in voluntarily implementing BMPs for
groundwater protection. Otherwise, the
state might consider formulating policy
to regutate control of nenpoint sources
of nitrate through BMPs. Such a policy
might include the following components:

« performance indicators to analyze the
desirabitity and elfectiveness of the
policy;

= control mechanisms, if necessary,
through legislative and regulatory ini-
tiatives;

» enforcement mechanisms to ensure
compliance in critical situations when
the groundwater supply is threatened,
and

» institutional responsibility with penal-
ties for noncompliance with the guide-
lines aimed at preventing groundwater
pollution.

At present, the state has focused its
effort on centrolling nonpoint sources of
nitrate pollution frum septic tank systems.
But because more than 60% of the prob-
lem appears i{o result from nonpoint
sources other than septic tank systems,
the state needs to address these—in par-
ticular, agricultural sources to effectively
protect the valuable and vulnerable
potable groundwater supply.

Increasing residential development around the Inland Bays will place additional demands
ot the groundwater supply.

approach where state and focal

Drawing Conclusions

One can conclude from the earlier
sections that there are both realized and
potential impacts from human activity
on Delaware’s [nlzand Bays. For the most
part, all of these activities are occurring
simultaneously, and therefore, have a
simultaneous impact on the bay ecosys-
tem. The bays are a complex of dynamic
interrelated systems, and impacts on one
part of the system alfect other parts. The
connections are not always obvious to the
untrained. and even trained, eyc. How-
ever, it is the connections between the
cycles such as foed chain cycles, nutrient
cycles, and water circulation cycles that
drive the system as a whole.

The previous discussion on identified
problems illustrates that responsibility for
the slow degradation of the environmental
quality of the Inland Bays is not easity
placed. Individuals living in the Inland
Bays region are as responsible as devel-
opers a2nd industry. People choose to live
and work in this area because of the attrac-
tion of the bays themselves and the rela-
tively inexpensive housing. Most have
little understanding of the overall impact
that human activities have on the bays.
If present trends and problems persist,
the overall Inland Bayssituation will even-
tually develop into a crisis.

Rowe et al. (1978) have stated that it
takes a threat of a crisis before individuals
or groups will move to action. That is what
they caution against in their book:

Under such a collective srate of
mind, we tend 1o (regt the sysiems
by piecemeal efforts woven into a
nightimare of entangling legislation
rather than o develop a comprehen-
sive program (o address the overal]
problem. Second, given such an
atmosphere, it becomes all foo
apparent to many that someone
must be responsible for our prob-
lems. Consequently, the witch hunt
begins in search of the “bad guys,”
as though a good hanging would
solve everything.

This scenario should not be allowed
o happen, U would be counter-pro-
ductive, and the only loser would
be the Inland Bays. What is needed
is to understand why certain approaches
have not worked and how the cument
system enight be structured to accommo-

date a comprehensive and collaborative -

planning and management approach-—sai




ments jointly prepare and implement local
and regional land use plans. (For a detailed
discussion of this process, see Sorenson,
1978.)

Policies have been developed and im-
plemented to try 1o cope with thesce
eavironmental problems. As we have seen
from previous cases, several piecemeal
policy options have been tried. The state
has developed and is revising performance
standards for on-site scptic sysicms. These
standards are workable, bul not necessarily
optimum. Once the standards are set, there
is no incentive for the private sector 1o
advance the technology. Often systems
are designed and sites altered to comply
with the letter of the law and not neces-
sarily its intent —pollution abatement.

Land use comtrols are being used to
controf some development and limit
environmental degradation. These controls
are similar to zoning and involve very dif-
ficult equity questicns. For example, in
the Inland Bays region there are 30,000
lots that have been approved and which
are automatically eligible for building
permils. These county approvals have
been granted without considering the
social and environmental impact that could

-

resull if all the lots were built owt. Cur-
renily. the only means to assess environ-
merntal saitability of such development is
through the DNREC's zuthorily to issue
and deny septic tank and well permits, re-
yuited for all develupment. Consequently,
there s no comprehensive plan  that
articulates a specific subdivision policy,
but only what appears to be an arbitrary,
after4he-fact septic tank and well penmt-
ting policy enforced by the state.

These strategies typify  the piece-
meal approach® toward environmental
management rather than a comprehensive
approach that stresses an overall problem-
solving strategy. What is needed is a com-
prehensive stratepy 1o manage the social.
ceonumic, and environmental components
that comiprise the inland Bays region to
achieve certain desirable characteristics.
The way to initiate such a process is (o
understand the natural environment and
how il interacts with human activities.
Understanding the relationships among
natural systems and human activities can
provide the basis for cornprehiensive man-
agetnent.

But befure such management can pro-
ceed, onc mwst appreciate the need for

a hasic understanding and forpe a con-
sensus on what e (he desirable char-
acteristics that should he maintained n
the Intand Bays regon. The next chapter
sets the slage, Jevelops the justification,
and supgests a process to achieve under-
standing and couscnses.

* Piccemual appraach and incremiental decision-
making as used here dse synonyious concepls.
William I, Qdum 10 a recend article titled
“Environmental Degradation snd the Tyranny
of Smalt Decisions™ (19823, deseribes the situs-
tion this way: “A serics of small, apparently
ndependent  decisinns are made, often by
individuals or sntatl proups of individuals.”” As
an iustration, he notes “Consider, for exam-
pic. the lass ol coastal wetlsnds on The cast
coast of the United States between 1950 and
1970, Mo une purposely planned 1o desiroy
almosl 5iF4 of the evisiing marshland along
the coasts ol Connecowut and Massachu-
setts. .. However. through hundreds of Little
decisions and the conversion ol hundreds ol
small tracts of marshland, a major decision in
favur of extensive wetlands conversion was
made  without  ever addressing the  issuc
directly.””



Towards Management

Intreduction

In the preceding pages. the Inland
Bays are portraved as upique and com-
olex natural resource systems. The point
has been made that these natural systems
sometimes respond to stress in predict-
able fashion and at uther times fall victim
to unfathomable environmental conse-
quences. What has been illusirated is that
the condition of the Inland Baysis divectly
affected by man's activities onand around
(hese bodies of water. These linkages have
heen discussed in soine detail, both in this
document and throughout the scientific
literature, which is cited. 1t is increasingly
being demonstrated that because of the
interrelationships that exist in marine and
coastal svstems an impact in one area has
a rippling effect on the system as 4 whole.

A similar effect occurs with respect to
the governmental decision-making related
10 the Injand Bays. Not only have the bays
become an attractive arca for second-
home development, but also the amounl
of recreational activities they support has
increased tremendously in the past {ew
years. The approval of this type of devel-
opment is characterized by incremental
decision-making that is guided by granting
project-by-project approvals. Currenily,
no overall plan ot coordinated policies
and strategies exist to ensure that these
incremental decisions promote the wise
use, development, and management of
the Inland Bays. As a result, projects are
aften influcnced by economic considera-
tions aid political pressures Wiat are incosi-
sistent with sound estuaring resource
planning and management principles.

Without such policies and strategies,
both the public and private sectors are
failing to address these critical questions:
How are the bays and their resources
being used? How should they be used?
.These are most important considerations

given that the Inland Bays are a resource
with greater-thandocal appeal and. il mot
managed properly ., are prone 10 slow de-
terioration.

It is the purpose of this chapler to
outline a process that would initiate the
consideration of wise management and
development of the Inland Bays. The
aulhors  recognize that the resource
management of the Inland Baysis as much
a political problem as itisa technical one.
This report documents the complexity of
the ecological systems and, likewise, ac-
knowledges the complexily of the eco-
nomic systems involved. In some instances
the case was made that too little is known
about the ecological systems of the Inland
Bays. However, although more study is
needed, this fact is not an excuse for
imaction.

This document tries 1o give the reader
insight into the Inland Bays as a natural
environment. This is the basis for gaining
an understanding and appreciation of the
impacts that unplanned development
might have on the natural systems. It is
important 10 understand that no problem
such as the slow degradation of the Inland
Bays will be cenfronted until someone
realizes the significance of the resource
and what threatens it, This is prerequisite
to any proposed program that seeks to
wisely manage and develop the Inland
Bays for our immediate enjoyment and
that of future generations.

Houst Joint Resolution No. 27 before
the 1315t Gerperal Asemblv sought to
identify the Inland Bays as a problem
area demanding immediate attention.
This resolution would have designated
certain areas within the Inland Bays as a
critical region subject to Department of
Naturai Resources and Environmental
Controt (DNREC) review. This resolution
passed the House but wasnevec brought to

a yole in the Senate. Many credit county
government and  development 1nterests
for its lack of passage. This seems plausible
if one tries to understand that even though
the Inland Bays are a resource that have
greater-than-ocal significance, the land
area around the bays are controlled by
lacal and county governments which are
under heavy pressure to gamer the prop-
erty tax revenues that intensive deveiup-
ment might bring.

The intent of the resolution was to fo-
cus attention and establish a mechanism
whereby the ecological impacts of devel-
opment would be formally reviewed by
the DNREC prior to the county or local
jurisdictions granting zoming, subdivision,
conditional use, site plan, or other devel-
opment appraval for projects or plans
within specific areas (HIR 27, 1982). The
areas subject to review include parcels in
excess of lve acres, and parcels five acres
ar less that invelve activities having a signi-
ficant environmental impact upon the
area. The DNREC’s review would have
been based on existing “stalutes, rules,
regulations, and policies governing Depart-
ment actions, as well as the project’s im-
pact on the overall environmental quality
of the area™ Further it noted that
“special conditions may be imposed on
individual projects to make them com-
patible with the overall management
strategy of the area.”

To date there has been no zriculated
management strategy adopted by the
DNREC or the county government.* For
this approach (o succcad thers will kave

* The North Coastal Land Us: Plan (Wesien,
1979) was created to encourage development
toward arcas where utilities do or spom will

exist; guide future development and intense L

fand uses away from sonsitive




to be a concomitant development and
implementation of a resource manage ment
program with enforcement PIovisions,

Passage of HIR 27 would have set in
motion a process of stale seview of local
and county projects. However, 1his would
have proceeded without the adoption of &
specific mansgement plan, development
criteriz, or policies for the management
of the inland Bays other than thase that
already existed within the DNREC. I ;5
questionable whether, without a specific
plan and perfermance standards, this
approach could have adequately accom.
modated state and local interests in the
management of the Inland Bays. Though
never passed, the resolution did increase
public interest in the hays and for (he
first time called for an examination of (he
impact of development on the overall
envirenmental quality of the bays.

Presently no mechanism exists 1o evalu-
ate the environmental effecl or cumulative
impact of development projects on the
Intand Bays. To ameliorate this situa-
tion, two strategies are proposed simul-
taneously :

1. The DNREC should be required to
comment and provide testimony at all
Sussex County planning and roning
hearings** on projects that involve de-
velopment on a) parcels in excess of
five acres;*** or on b) parcels of five

areas; promuote “Nodal Development Centers”
ip refatively undeveloped areas and expansion
of existing communities instead of scaftered
development; protect natural aress and valued
iand and water resources not capable of sup-
porting deve{opment; and discourage land use
that over-extends the capacity of utilities and
ongoing regional service improvement pro-
grams by coordinating development with thal
of public utilitics. The North Coastal Land
Use Flan has not beea adopted. Since the plan
wai proposed in 1979, however, some assump-
tions on which the plan was based are no
longer current.

*® puticipation by the state during County Plan-
ning and Zoning Hearings as provided for al-
ready in § Delaware Code 68, 69.

*# This fiveqcre minimum requirement was in-
duded in HOR 27 apd was based upon the
‘DNREC's experience with amssssing Gﬂm
Cweiital impacts of previous projects

" Iy ' felt that projects

acres of less that involve activities
having a significanl environmental im-
pact.

2. The Governor, by an executive order,
should mandate the establishment of a
bipartisan task force. This task force
would be charged with recommending
the goals, objectives, implementation
mechanisms, and enforcement strategy
for a comprehensive management and
Jdevelopment plan for the Inland Bays
area.

The first stralegy would formally establish
the DNREC’s position with respect to the
potential environmental impacts of devel-
opment projects and make the informa-
tion available at Sussex County plannidg
and zoning meetings. Iatroduced as testi-
moeny before the biweekly Sussex County
Planning and Zoning Commission hearings,
it hecomes public record. This would pro-
vide an environmental perspective for
county decision-makers to consider and
would clanfy the BNREC's position to the
public and developers. This procedure
would reinforce the existing Development
Advisory Service process that is a volun-
tary DNREC program. It js hoped that
this activn would facilitate accountable
and representative decision-making on
projects that could immediately impact
the environmental quality of the Inland
Bays arca.

This approach would be linked clusely
to the second strategy, the creation of a
task force (Figure 12). Both strategies
need (v he implemented simultaneously
1o initiate a collaborative and comprehen-
sive process to deal with the issues facing
the inland Bays. Together, these strategies
recognize the need to fecus immediate
attention on the issues now facing the
Inland Bays, and establish a process to
examine the long-term considerations
that need to be addressed to adequately
manage the Inland Bays in the future.

Task Force Rationale

There are two questions that need to
be answered regarding the formation of
such a task force. First, why is there a
need for such a group? Second, what
should this task force hope to accomplish?

The need for a gubernatorial task force
iz predicated on the growbig public von
cern for how the bays and their resousces
are being used and how they should be
used, given that these resources are limited
and prone to deteriomtion. Certain prob-
lems exist in connection with the develop-
ment of these bays relating to the main-
tesance of water quality, the protection

of critical habitat, the lack of 1 dredge
policy. the need for the development of a
comprehensive management plan, the need
to understand the causes ol erosion in the
bays, the determination of a plan for the
nuanagement of the bays, and other mal-
ters. Many of these issues have been pre-
viously identified and documented. Sev-
eral recent issue listings have bheen com-
piled by the Inland Bays Study Group
(1982) and the lnland Bays Workshop
(Manus and Scorre, July 1982). These
bays constitute one of the greatest physi-
cal and biological assets of the state, both
for tourism and recreational development.
Consequently, it is imperative that a task
force be established to study the problems
facing the Inland Bays and make its report
and recommendations available fo the
Governor and to the 132nd General
Assembly for both public and legislative
consideration.

Task Force Mandate

The charge to this group would be 10
document the issues facing the bays and
suggest safeguards that need to be imple-
mented 1o assure that the conservation
and development of the Inland Bays be
undertaken to serve the best interests of
the citizens of Delaware. Specifically this
charge would require the following:

a. Review the existing Jaws and regula-
tions applicable to the management ol
the Inland Bays.

b. Examine the conflicts between local,
county, and state government with
respect to the management of the
Inland Bays.

¢. Assemble and summarize the availahle
information describing the natural
environment and social and economic
characteristics of the Inland Bays.

d. Compile and analyze all available in-
formation describing the existing plans
for the Inland Bays.

e. Make a preliminary assessment of the
[nland Bays environmental carrying
capacity, which includes the identifica-
tion of areas with special limitations
for growth or particular suitabilities
for accommodating growth.

f. Document the avaflzble population
and economic growth projections to
estimate demands for increased services
in and around the [nland Bays.

g. Determine the need for the develop-
ment of a comprehensive plan for the
Inland Bays, the goals and objectives
such a plan showuld consider, and



recommend at what level(s) of govern-
ment authority should be vested to
implement the plan.

Task Force Composition

It is recommended that the Inland
Bays Task Foree be structured to include
the following representation:

2 members of the Delaware House of
Representatives to he desipnated by
the Speaker of the tHouse. one from
each political party

2 members of the Delaware State Sen-
ate to be designated by the President
Pro Tempore of the Senate, one
from each political party

1 Sussex County Administrator, or his
designee

2 members of the Sussex County Coun-
cil, one from each political party

1 member of the Sussex County Plan-
ning and Zoning Commission

1 Secretary of the Delaware Depart-
ment of Natural Resources and ¥n-
vironmental Control, or his designee

2 public members appointed by the
Governor

Further it is recommended that a staff be
appointed to work with the task force.
This working group would serve as re-
source people for the task force, These
members should he selected on the hasis
of their familiarity with the issues facing
the Inland Bays, their ahility to identify
available information and data, and their
ability to analyze the information rapidly
and te clearly communicate the findings.
These individuals could be drawn from
the ranks of local, county, or state govern-
ment; institutions of higher learning, or
the private sector. Their number should
be restricted to nine. These individuals
would serve at the pleasure of the task
force and assist in the researching and
writing of the report. This apptoach
should help augment capabilities of the
task force members and discourage the
hiring of an outside consultant, while
encouraging the members themselves to
become conversant with the issues.

Takk Force Mission

In addition to researching and docu-
mettng the topics previously noted, the
task force is to solicit public input. This
will require public hearings to take testi-
Mony from interested citizens who can
contribute knowledge and insight into the
Problems of the Inland Bays. Meetings
%iould be held in the Inland Bays region
tod gt other conwenlent locations to

teach all affected citizens, This input
along with the analysis and work of the
task force should be presented in a report
at the start of the Second Session of the
132nd General Assembly, The report
should provide an evalvation of the
adequacy of existing laws, regulations,

STRATEGY 1: A Cantinuing Process

and enforcement mechanisms, and a
propesal for changes in existing lemsla-
tion and for recommended new legisia-
tion. Additionally, it should detail how
the inland Bays area should be managed
to assure its continued health for the en-
joyment and use by future generations.

STRATEGY 2: A 9-Month Process

DMREC desgnates ex officio

member 10 artend all Sussex
County Flanning and Zomng
Cammisson hearrgs In
COIMen | Gn Civirgnmen tal
wmpacts of progosed
deveicpmenrt.

Manth 1

Months 2.5

Manths 68

Month 9

Figure 12. Concurrent strstegies and mkﬂmem

By pxecutive omes, call for the establishment
af an Inland Bays Dewvelopment and Conserva-

twon Task Force

Appoint members, suggestec as follows:

2 members ol Delaware House

2 membirs of Delaware Senae

1 Sussex County AdmInisiraicr, or designee

2 rmemders, of Susex County Council

1 member Sussex Cownty Pranning and
Zorming Cammission

1 Secretary of ONRELC, or designee

2 pubhc members

Appoirt staff members j

l

Adop! task torce mandate and charge
ivtems a through g).

|

Schedule and convene public meetings and

hearings in the Infand Bays area and throughout

Delaware as needed ta take testimony and

citizen snpul. Meeting agandas showuild inglude

1he following:

a. Review existing laws and reguiations.

t. Review canflicts between [0cal, county, and
state governments,

¢. Review information describing the natural
environment and social and exonomic
characieristics.

o. Examine existing plans and developments
tor the region

e, Document sensitive areas and areas for
planned growth.

{. Document projected growth.

g. Consider the need for a comprebensive plan,
and 1ts oGals and ohjectives,

| |

Review and analyze Cireylate dratfy
inpul, Draft report of findings for
on 1ask force findings, public comment.

Revise report of task force and present Hinal
report to Governor and Genersl Assebly with
Al GumLEHET o1 e e aey o eaicting L
regulati ‘andfu..;‘,m mechanisms and
wath » proposat for 8% i existing legistation
and for recommended rew ml'-:;'g" 10 snsure
the wise: Eent, ¢ sor, and
development of the Intand Bays.




Glossary

Adapted in pari from the “Glossary of Environmental Terms ' in
Understanding the Game of the bnvironment (Houston, 1979,

absorption: the process of taking inorganic salts, in solution,
into root hairs from soil water by osmasis

algal blooms: a dense concentration of phytoplankton which
oecurs in response (o optimum growth conditions

ammonium: a substance consisting of nitrogen and hydrogen.
used by plants to make proteins

amphipad crustacean: asmall shrimp-ike animal found in ayuatic
environments, ranging from 5 em to 28 cm in length

anoxic conditions: an environment with dangerously low oxygen
concentrations

aquifer: an underground bed or layer uf earth, gravel, or porous
stone that contains water

artesian layers: subsurface arcas where rock layers store water
under pressuse; water can be forced to the surface by natural
pressure

artificial recharge: water from external sources added to the
natural recharge system

atmosphere: the gaseous envelope of air that surrounds the earth
and is held ta it by che force of gravity

benthic species: species that inhabit the botiom region of a water

biom: the total weight (mass) of living matter in a particular

bh:;faall species of plants and animals that occur within a certain

biv:Ir::s: a group of aguatic animals that have their bodies pro-
tected by two outer shells

camivores: organisms that eal animals
catyimg capacity: the limit to the amount of life that can be
supported by any given area; the reasonable limits of resource
use by humans
chloride: a reactive form of the element chiorine that is part of
" the common table salt compound, sodium chloride
chiorination: the addition of chloride to sewage effluent, which
results in 2 reduction in the level of pathogens present
coliform bacteris: any of a number of bacteria common to the
intestines of humans and animals, and whose picseive it
wastewater is an indicator of pollution and potentially dan-
gerous contamination
copepod crmstacesss: small zooplankton ranging in size from a
_ few to several millimeters

. decompasition: a process whereby bacteria and fungi chemically
breai down organic matter

B

deposit-feeders: animals that engudf masses of sediments and
process themn through the digestive tract in order 1o extract
nutriment

detritus: excrement and other waste products of all types of
organisms, including their rermains alter death

diatoms: any of numervus microscopic, one-celled aquatic alpae
that have shells composed mostiy ol silica

diffusion: the transfer of substances atong a wradient from re-
gions ol high concentration to regions of luwer concentration

dinoflagellates: any of numerous microscopic aquatic alpae that
are able to propel themselves by the use of their tail-like thagelfs

dissolved oxygen demand: the amount of dissolved oxygen re-
quired 1o drive chemical reactions oecurring in a water body

dredging: a method for deepening coastal waters by scraping
and removing solids from the bottom: the resulting muod is
deposited elsewhere in a process called filling

ecosystem: the complete system of a given area including the
interaction of the living community with its physical envi-
ronment

enriched land run-off: nutrientrich waters derived from the
land that flow into streams and ultimately into the ocean

estuary: & confined coastal water body with frec aceess to the
ocean in which saltwater is measurably diluted by freshwater
cntering the water body

eutrophication: nutlrient overenrichment of water that leads to
excessive plant growth

evaporation: the process whereby liquid water is changed into
wzter vapor

filter-feeders: organisms thal flter water in order to extract
nutriment

fixation: the process of making a substance stable by decreasing
or destroying volatility

groundwater: the supply of freshwater under the earth’s surface
trapped in an aquifer

heavy metalss metallic elements, such as lead, mercury, chromi-
um, cadmium, and arsenic, that have high molecular weights
and that, even in low concentrations, can be foxic to animal
and plant life

herbivores: organisms that feed on planis

hydrocarbons: a vast family of compounds containing carbon
and hydrogen, found especially in fossil fuels

hydrogen sulfide: a gas composed of hydrogen and sulfur thae
has 2 noxious odor characteristic of rotten eggs: it is released
during the natural decomposition of orgamic matter and is
the natural accompaniment of advanced stages of eutrophica-

tion



hydrologic cycle: the water cycle

igneaus rocks: rocks that have been formed from the solidifica-
tion of molien magma

inorganic matter: matter derived from sources other than plants
ar animals

interceptor wells: wells drilled adjacent and parallel to the coast
that cut into Lhe aguifer to prevent saltwater migration into
freshwater aquifers

invertebrates: organisuis that do not have a backbone

lagoon: z relatively shallow estuary with very restricted exchange
with the sea and no significant freshwater inflow

leachates: substances thal have been washed into a Jower layer
of soil or that have been dissolved and carried away by water

longshore current: a current, created by waves, that moves par-
allel to and against the shore, parficularly in shallow water,
and which is most noticeable in the surf or breaker zone

metabolism: the sum of all cheniical processes occurring in living
lissue

metamorphic rock: rock that has undergone a pronounced
change, effected by pressure, heat. and water. that results in
a more compact and more highly crysialline condition

methemoplobinemia: a cyanotic condition in humans that resuits
from deficient oxygenation of the blood. causing a bluish or
purplish discoloration of the skin

micraorganism: minute plant or animal organisms such as plank-
tan not visible to the unaided eye

pitrate: the most stable compound that is composed of nitrogen
and uxypen: can be a contaminant in drinking water supplies

nitrite: a compound composed of nitrogen and oxygen that is
less stable than nitrate; bacteria in the human intestineg con-
vert nitrate into nitrite, which is then absorbed into the
bloodstrearn, causing oxygen deficiencics in infants and preg-
nant women

nitrogen; a very abundant element that comprises 79% of the
carth’s atmosphere

nonpoint sources: sources, such as agriculture, on-site waste dis-
posal systems, and precipitation. that contribute chronically
to pollution of the environment through incremental addi-
tions of pollutants

nutrient enrichment: the addition of nutrients, such as nitro-
gen. phosphorus, and carbon, into a water body that greatly
increases the potential for plant growth

nutrients: substances that are essential for the growth of all
organisims

organic matter: matier derived from living or dead organisms

pathogens: discase-causing organisms
percolation: downward flow or infiltration of water through the
pores or spaces of rock or soil
pH: a measure of the alkalinity or acidity of any substance based
on a scale of O to 14; 7 represents a neutral state (waler),0
represents the most acidic, and 14 the most alkaline
phosphorus: an essential nutrient
phutusynthesis: the process by which chioruphyil-beai ing (green}
plants combine carbon dioxide and water in the presence of
tight energy to form carbohydrates; it is the conversion of
light energy to potential chemical energy of food, releasing
. oxygen in the process
phytoplankton: the plant plankton that produce large amounts
- of oxygen
point sources: sources, such as wastewater treatment plant

effluent. thal contribute pollutants to the environment in
well-defined releascs

pollutant: any introduced matier uf encrgy that makes a resource
uniit for a specific puipose

pollution: the presence of matter or energy whuose nature, toca-
tion. or quantity produces undesirable environmental effects

potable water: water suitable for human consumption or cooking
purposes

precipitation: water from the atmosphere that falls ta the ground
as rain, snow, sleet, oy hail

protozoan parasite: 2 single-celled, microscopic animal that
obtains its food at the expense of the animal on which it lives

respitation: acrobic oxidation (using oxvgen ) of food or organic
substances by organisms; respiration releases useable energy,
carbon dioxide, and water

salinity: the degree of salt in water

saltwater intrusion: the migration of the saitwater wedge land-
ward that underlies the freshwater aquifer, to the point where
the aquifer becomes contaminated by saliwater

sediment: soil particles {sand, clay. silt, and minerals) washed
from land into water systems as a consequence of natural
or human activities

sediment-water interface: the common houndary of sediment
and water

sedimentary rock: rock formed over time by the deposition and
consolidation of mineral sediments or of fragments of older
rocks

sedimentation: in wastewater treatment, the settling out of
solids by gravity

significant environmental impact: any change in the environmertt
caused by human activity or factors: such activities include
dredging. filing, or construction of industrial, commescial,
or high-density residential development requiring special
waste trealrnent facilities

sill: a ledge that prevents the free exchange of bottom water
between a lagoon and a bay

spoils: dirt or rock that has been removed by dredging of the
bottom of waterways

stressed habitat: an enviconment that is subjected to demands
in excess of its natural carrying capacity

subaqueous lands: lands that are under the surface of water

sublethal effects: processes or activities that diminish the health
of an organism or iis environment

substrate: the base or surface upon which an organism lives

sulfatereducing bacteria: bacteria that convert sulfate com-
pounds into less-oxidized forms, such ashydrogen sulfide gas

therma! effluent: outflow of heated waters from power plants,
which is hotter than the water into which it is released

toxic substance: material that is poisonous or harmful to plant
of animal life .

toxicant: a substance that kills or injures organisms or that
alters its environment through chemical or physical action

transpiration: evaporation of water from the leaves of plants

tube-builders: organisins that constrict tubes in the substrate
in which they live

water column: the area of water above the bottom substrate

water table: the upper groundwater level

wetlands: areas that are regularly wet or flooded and where the
waler table stands at or above the land surface for at least
past of the year

zooplankton: planktonic animals that supply food for fish
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